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PREFACE. 


The  circumstances  wliicli  led  me  to  undertake  the 
present  work  are  described  in  the  beginning  of  the 
introductory  section.  Not  only  have  many  of  my 
leisure  hours  been  occupied  in  searcliing  for  and  ar- 
ranging information  contained  in  many  volumes  of 
notes,  but  time  which  ought  perhaps  to  have  been 
otherwise  employed  has  been  devoted  to  the  duty  I 
had  promised  to  perform,  Nevei'theless  more  than 
fotzr  years  liave  elapsed  since  I  was  invited  to  place 
this  result  of  my  labours  in  tlie  hands  of  the  Iron 
Trade  Association  and  of  the  members  of  the  Iron  and 
Steel  Institute.  This  apparent  delay  htis  been  chiefly 
due  to  a  wish  to  extend  ray  enquiries  on  some  of  the 
questions  treated  of  in  tlie  papers  I  had  published  in 
the  Transactions  of  the  Institute,  This  observation  is 
particularly  applicable  to  the  use  of  charcoal  and  of 
raw  coal  in  the  blast  furnace;  and  in  fmiherance  of 
these  objects,  not  only  had  additional  experiments  to 
be  undertaken,  but  various  furnaces  in  this  as  well  as 
in  foreign  countries  had  to  be  visited  and  examined. 

The  concluding  section,  in  which  it  is  attempted 

to  compare   the  iron-producing  powers  of  different 

:  nations  in  their  economical  aspects,  has  involve 
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good  deal  of  additional  work.  In  so  fluctuating  a 
trade  as  that  of  iron  the  cost  of  labour  is  constantly 
changing.  My  enquiries  on  this  head  extend  over 
twenty  years;  and  as  it  was  desirable  to  obtain  as 
much  information  of  a  contemporaneous  date  as  pos- 
sible, much  time,  having  this  object  in  view,  was 
spent  in  correspondence  with  manufacturers  in  Europe 
as  well  as  in  America.  In  treating  this  branch  of 
the  subject,  the  value  as  well  as  the  cost  of  the  raw 
materials  employed  had  to  be  considered.  To  explain 
this,  an  occasional  repetition  of  what  may  be  regarded 
as  purely  scientific  matter  will  be  met  with ;  but  I 
preferred  this  course,  in  order  to  make  my  meaning 
plain,  and  to  avoid  trouble  in  referring  to  previous 
sections.  To  some  extent  perhaps,  the  same  observa- 
tion as  that  just  made  is  more  or  less  applicable  to  the 
sections  more  exclusively  scientific.  This  arose  from 
a  wish  to  insert  my  latest  experiments,  some  of  which 
were  continued  after  the  first  portion  of  the  work  had 
been  printed. 

By  many  the  subject  of  the  quantity  of  fuel  con- 
sumed in  the  blast  furnace  may  be  considered  as 
having  been  treated  at  sufficient  length  in  Section  VII. 
This  portion  of  the  enquiry  into  the  smelting  process 
is  the  only  one  which  demands  much  attention,  so  far 
OS  economical  production  is  concerned.  I  have  there- 
fore, for  reasons  stated  at  page  234  and  for  others 
connected  with  the  use  of  charcoal,  extended  my 
observations  on  fuel  in  Section  X.,  which  may  be  read 
by  those  who  feel  sufficiently  interested  in  questions 
.  thero  dealt  with. 


PREFACE^ 


vu 


¥ 


t  will  no  doubt  occur  to  some  who  may  care  to 

amine  with  the  requisite  attention  what  has  been 

id  on  comparative  costs,  to  take  exception  to  some 

of  my  conclusions.     Such  friendly  critics  will  no  doubt 

remember  the  differences  which  are  to  be  found  in 

the  experience  of  individual  mining  and  manufactur- 

^ing  establishments.  My  object  at  the  time  of  my 
enquiries  was  one  of  a  purely  private  nature  made 
without  any  intention  of  future  publication.  The)' 
were  undertaken  for  my  own  guidance,  and  the 
opinious  I  have  formed,  correct  or  otlierw^ise,  are 
faithfully  recorded  in  the  pages  of  the  present  work. 

It  will  be  readily  understood  how  largely  I  am 
indebted  to  my  fellow  workers  in  the  great  field  of 
industrial  enterprise  which  I  have  attempted  to  explore, 
for  information  respecting  their  practice  and  experi- 
ence.   I  only  regret  that  the  confidential  character  of 
*i^ny  of  the  communications  1  have  received,  prevents 
^y  cordially  thanking,  by  name,  those  who  have  so 
J^aterially  assisted  me  in  the  course  of  my  investiga- 
tions.    Other  sources   of   information  will  be  found 
L     ^knowledged  in  the  proper  places. 
H       tJnder  ordinary  circomslances  I  might  have  dis- 
pensed with   any   allusion   to   the   aid  rendered   by 
^^pennaental  research ;  but  this,  in  my  own  case,  has 
^Gfi  done  in  so  careful  and  conscientious  a  way  by 
^*-  Jtoeholl  in  the  Clarence  laboratory,  that  I  cannot 
"^^^  from  acknowledging  his  zeal  in  this  respect,  as 
as  recognising  the  thought  he  bestowed  on  the 
^a.tiori  of    the  numerous   calculations  rendered 
necessary  by  the  nature  of  the  subject. 
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I  would  also  express  my  obligations  to  Mr.  Walter 
R.  Browne,  the  late  Secretary  of  the  Institution  of 
Mechanical  Engineers,  for  his  help  as  the  sheets  were 
passing  through  the  press.  My  son-in-law,  Mr.  Walter 
Johnson,  has  also  afforded  valuable  assistance  in  exam- 
ining many  of  the  statistical  figures  they  contain. 

I.  LOWTHIAN  BELL. 

Reunion  Orangey  Ncrthallerton^ 
ISA  Sept,  1884. 
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INTRODUCTORY. 

oompletion  of  my  duties  as  a  Jtiror  at  the  French  Ink-r- 

^Exliibition  of  1878,  I  was  honotired  by  a  request  from  tlie 

of   Management  of  the   Britisli   Iron  Trade  Association,  to 

report  on  the  present  c<:»udition  of  the  Manufacture  of  Iri>n 

b1,  as   iUustmted  by  the  ubjects  displayed  in   the  different 

liDgB  in  the  Champs  de  Mars,  at  Paris. 

bad*  however,  previously  proposed  t^  myself  a  more  extensive 
jiiry  than  that  which  would  be  covered  by  a  mere  examination  of 
[products  of  the  Iron  Works  of  France  and  of  other  nations,  as 
>ited  upon  the  occasion  referred  to^ 

had  published  at  intervals,  in  the  *'  Transactions  of  the  Iron  and 
Institute/*  certain  investigations  into  points  conuected  with  the 
af  the  blast  furnace,  in  respect  to  which  some  explanation  was, 
ppcared  to  me,  still  wanting.  The  experiments  bearing  on  this 
tion  were  comraunicated  to  that  body,  as  the  enquiry  advanced, 
KOd  were  described  in  the  lan^age  of  the  laboratory.  It  was  not 
only  my  wish  to  present  the  general  restilts  I  had  arrived  at  in  a  more 
ecutive  and  less  unattractive  form  than  that  necessarily  adopted 
er  such  circumstances,  but  to  ci>rrect  any  opinion  therein  stated, 
further  observation  had  shewn  to  require  modification* 
\On  oommunicating  my  ideas  to  the  President  and  his  Associates  at 
of  the  Iron  Trade  Association,  a  ready  willingness  was 
to  see  my  labours  extended  in  any  way  likely  to  add  to  the 
Ity  of  the  obiect  we  bad  in  view. 

[The  depression  in  the  iron  trade,  not  of  Great  Britain  only,  but 
ougfaont  the  world,  was  the  cause  of  great  uncertainty  and  uneasineaa 
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',.';,    n-  /    ■  /  . .  .  J  ■  ^  .-y ;^ «   *;..•:•-  -.r r.-. ;. •■. nr^  -ixi^=s=  :  f  zr-y^c^-  !i  or^gs 

«-.i|,    ,■      I    .' ■    .t :'.  I    ;.-.  .r*:     r  .i:f»r-   »"♦:-■:-;  J  iz  ^33  ZjTTTt-      AZ   iil'i:"-!:*  CO 

ii , .  f  r '  •  f.»'  • ' . .  .-.  /   « ;  .^  .  •*'.'■;■>   -.  •''  - .  •■;  »■-'  I'r L  -iSA.:  -_  ^zzL-zir^  zi  12*^  least 

in. 1. 1  n.'    /r-,*.../  <■•..::.:-   -.  .:.-'r.  irr.:  Tt«:!i  T--::r    ;:^Iirin«:n  and 

jii'iflii/'  I 

'I  li<  ir'»»i  Ui/J/:  » i*^  ywi*  r.'/  v.r::i'--  siii  i  :7i?is  i:  :i-r  reri'jii in 
ijiMftlKihj  Mii/|  U,/-.  f»;.;,r  '.  r'.-i .:.  '.'.".-rr.^.i-ri  .'.T :::  sr.  "5-1  i^  :ar:tiil  was 
( t H I (M 1 1. '  ( I  \u  t/rUuu  f.\.  .  '.*  '. f  !.• , :.  . r ^  iz i  J:  n iIItil': '. t  : r: -  works, 
\\-iM  «ii>)  IIimI  m  /I/  r^;ir/:  f ..-  •./:  rr.  "..il  -  ."li  i.-rTrr  re^lT^  i:  ^Z.bzz  that 
ii  woiitil  n.vlvfi  in  a  t'.rff.  .r/^iyj.  ■:  .:  V::r.r  STLTT-iri  rri—  iji-r  pr«:«duce 

\^  \\  III  tih  Hill  I'  ip«i»/  'J,  •.•.■'  i-.  o:.':  of  c'lr  r^zl-s  •::  :lv  inrizrions  of 

^KxMiim«i  mill  MliiMi/'.riM,  hy  Af.yjr.  *?/;<;;  :r.4.it  bj  :ie  s  -?illei  ycrnmatic, 

\\  \\\  \\\\^  i»|M'ii  Im'HiiIi  \,rf/r.*A,  fAr  a'.readv  larrvlv  laken  :hc  rlace ol 

*>\v»v     Mfc«  lUt,  ImliHwl,  UN  f4,uf'j:r:.^.  rils  in  ihis  o.-uhitt  a:  l-east,  it 

M'y\  Iv  Hi^»^l  ll»il   l.li»»  |»ri/I/IJinjr  f^n^v*  bids  fair  t..  U-  nlzimatelj 

M^\v%sh»^<  l\\  ilu*  iMiiivi-rMr;  ijril':«s  j^:  asj  time  the  domand  for  raib 

v*  \U  K*  U^wuil  \\\  vi*»  III  vxv4^m  of  our  means  of  s-pplving  them  in  steel 

v\i»vAtv^  ^vm  II  ^Hitt  III'  milUlilf!  on:  or  fn>m  a  temrorary  deficienov  ii 

\«^vv\  ^^^s't  HmKm^  \>NliilillNliiiiMiU. 

V^i\  ^v\vut  ii^klUi\«ii  U\  ttwr  iiational  indusny  requires,  howerer,  tlv 

'■^     A  »\  i«^v^  ii\4\vvm)  I\ilhrrl4i  nrj^iinlcd  as  incapable .  f  boin*:  funiishei 

y\  ^^liini.i  u\KiA^  ^hU4\k  l\vm  llioir  iibiindancc  and  cheapness  of  extractioB 

^■■^:-  vW*\\\\Ui^\  UrUniu  in  hor  present  high  p- sition  as  an  iro: 

^>.'i .>  MiUr.H     \\\  v^^\\m^\\m^vi^  of  this  snppos:-d  unsuitabilitv  of  on 

^    .-^J,  .|ii^l^lv  t^pNiHiior  \«g  iron,  smelting  establishments  and  som 

.  Wh  Mi^^eted  in  the  neighbourhixHl  of  the  hematit 
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of  Cumberland  and  Lancashii-e,  which  almost  alone,  at  lc:ist 

kingdom,  produce  ore  safficiently  free  from  phogplmrns  to 

et  the  requirements  of  the  Bessemer  or  Siemens-Martin  processes, 

I  generally  practised-     It  »oon  became  apparent  that  the  West  of 

g\md  ores  would  be  inadequate  to  meet  the  additional  demand  made 

them  by  all  the  new  st^l  rail  mills,  and  hence  onr  supplies  had 

i  be  Bupplemenbed  by  large  importations  from  foreign  countrie§. 

The  iron  trade  of  Great  Britain,  with  ample  miniop:  resources 

gnpplying  its  blast  furnaces,  and  with  mills  of  sufficient  capacity 

BDCct  all  ordinary  demands,  has  thus  found  itself  constrained  to 

ort  iron  ore  from  abroad,  and  to  construct  new  works  to  replace 

!  which  this  sudden  change  of  circumstances  hag  sQcnced. 

Ifl  there  any  chance  of  a  revci*8al  of  these  conditions,  forming,  as 

'  do,  a  great  aggraTation  to  the  difficulties  which  threaten  almost 

ovcnrhelm  a  considerable  portion  of  the  iron  trade  of  this  country  ? 

J  far  as  a  return  to  the  paddling  furnace  is  concerned,  this  seemed 

^ooe  time  hardly  possible;  for,  incredible  as  it  would  have  been  at 

ne  regarded,  hematite  ore  can,  in  the  opinion  of  some  competent 

Sties,  be  brougliL  oversea  from  a  dif?itance  of  lOQO  miles,  landed 

J  to  mines  furniflhiog  the  cheapest  made  pig  iron  in  Great  Britain, 

hd  eonrerted  into  steel  rails,  at  a  lower  cost  than  the  native  ironstone 

f  Cleveland  can  furnish  similar  rails  in  iron. 

Speaking  from  individual  conviction,  I  am  not  disposed  to  take  a 

ouding  view  of  onr  purely  national  iron  trade.     The  Bessemer 

UTert^'r.   as    hitherto    employed,  retains    almost  all  the  original 

k<«phonia  in  the  product.      From  different  quarters  well-grounded 

Bjons  are  now  set  np^  which  promise  to  modify  the  action  of  the 

tic  process,  so  as  to  secure  the  elimination  of  the  phosphorus 

Itnore  impure  varieties  of  pig.  Failing  this,  the  experience  of  some 

tma  past  has  inoontestably  proved,  that,  by  means  of  the  open  hearth, 

■■'''  MQ  \>o  manufactured  of  good  quality,  and  yet  containing  a  per- 

f  i:::^'  of  the  metalloid  i*eferred  to,  which  hitherto  has  been  regarded 

'lurjrajjisjble  in  the  Bessemer  converter.     This  modification  of  the 

«1  prc)Ci*88  would,  of  itself,  permit  a  certain  portion  of  British  iron 

1,  at  all  events  in  the  manufacture  of  rails;  but  in 

t^  t         IS  it  has  been  demonstrated  as  physically  possible  that 
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1*75  per  cent,  of  phosphorus  can  be  freed  fron 
fTbrd  ateel  of  ezcellent  qua]  it j, 
Bessemer  process  in  the  eubseqoe 

LcfaeaponSp  when  burdened  with  the  expense  attendin 
»yf  tRBlBae&t  referred  to,  compete  with  the  purer  mine 
*i  Bagtinit  and  elsewhere  ?    This  is  a  subject  which  i 
;  tiie  miiiiia  of  the  ironmasters  of  this  oountrj. 
i^wmmaKTj9Ka  has  reduced  the  cost  of  making  Beeaem^ 
:  of  Its  iormer  amount.     Giving  it  again  as  i 
I  cfaink  that  enough  has  been  done  to  render  i|{ 
if.  ai  no  Tesj  distant  day,  any  *»*^tyTMl  i 
ptfas  xHoaL  make  of  British  pig  inm  lo  aiad-iBa 
ba  mam  tfaaa  met  br  the  lower  oort  of  tbe  mine 


A  kagt  iBttOii  of  woA,  m  the  direction  of  thorn 
ittm  oraw  man  «r  hut  neb  in  phosphorus,  to  the 
aMkin^,  has  been  doos  amoe  the  jear  of  the  French 
drfqr,  (here^irt*,  arisiDg  from  the  extended  scope  of  an 
oQtcd  hy  other  claims  on  my  time,  has  hoA  ihi 
me  to  examiue  the  progress  and  cx»ader  tht 
ng  qticstiou. 
mm  the  above  was  written  the 
^ikenmfitic  treatment  of  pig 
^  met  itith  conndenble  rmir m      h 
'^^  ri  nee  ttetween  the  amk  ai^t 

t  iti  the  Begeaner  caa waia  mA  fkt^  «f 
iicr  than  in  Grant  %^****^.  a 
vio  from  pig  coubunias  ipraAi  at  t 
nie  that  some  Kaglish  lanwiibUtTMa  hi 
n^lalive  cost  of  the  twt»  TsktMS  ^  fig 

Tiai  any  general  iifiioitiBB  eT 
uism  eonntry.    A  most  importaal  iU 
s'viaMy  been  made — it  has  been 
lily  cepttrated  from  iron  ia  the 
wkdga  I  hate  w>  doafal  ^bat 
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made,  if  it  has  not  been  maJe  already,  on  the  East  const 

^jmd  from  Cleveland  stone,  in  all  probability  more  cheaply 

fbe  produced  from  ore  imported  from  8pmn,  and  more 

than  it  can  be  supplied  from  works  on  the  West  coast  to 

HheTeea. 

The  chemical  djuditions  attending  the  so-called  Direct  process  of 
hilling  malleable  iron  from  the  ores,  are  such  as  to  prevent  the 
lUiDn  by  the  metal  of  the  gi*eater  part  of  the  phosphorus  which 
Hft  contain.  This  has  led  some  to  regard  as  possible  a  return  to 
kode  of  manufacture  more  or  less  identical  with  that  practised  in 
piirtaric  times.  Enough  indeed  has  been  done  and  said  in  connection 
h  this  opinion  to  render  it  desirable*  at  the  proper  time,  to  consider 
I  groanils  upon  which  this  revival  uf  the  most  ancient  method  of 
pmang  the  metal  is  founded.  Again,  by  means  of  some  very 
fcartant  improvements  in  the  puddling  frirnaf^e,  hopes  have  been, 
H  perhaps  are  still*  entertained  of  gecuring  for  what  is  now  under- 
bd  and  described  as  malleable  iron,  a  much  more  extensive  sphere 
pseftihicss  than  some  are  disposed  to  imagine  it  is  destined  to  occupy 
lllie  future. 

I  It  is,  of  course,  at  aU  times  difficult  to  lay  down  any  limits  as  to 
pt  may  or  may  not  be  capable  of  achievement.  There  seems  but 
MttiiBe  to  pursue,  under  circumstances  requiring  such  serious  and 
^■ate  consideration  by  those  iuturcstcd  in  the  subject.  This 
fee  consists  in  a  careful  and  systematic  study  of  the  different  pro- 
k,  either  proposed  or  in  actual  use,  with  a  view  to  ascertain  what 
kin  there  is  for  any  material  change  in  those  processes  themselves, 
P  hence  for  any  marked  advance  in  point  of  eoonomy  or  of  efficiency » 
I  A  prominent  feature  in  the  competition  which  the  British  iron 
Ittdicturt^rs  liave  to  encounter,  is  the  great  extension  of  iron  works 
^Pling  place  in  foreign  countries.  Until  a  comparatively  recent 
Rod,  Great  Britain  enjoyed  many  advantages  from  the  possession 
P  advanced  state  of  development  of  her  large  fields  of  coiiI,  as  well 
I  *rf  the  iron  mines  already  mentioned.  To  a  considerable  extent 
W  position  in  this  respect  has  been  altered  by  the  opening  out  of 
poriaHt  carboniferous  deposits  in  different  parts  of  the  world.  If, 
■S|djygu,ta  this  source  of  competition,  circumstances  compel  British 
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mauufactureTB  to  be  dependent,  to  any  great  extent,  on  Spain  for  theii 
supply  of  ore,  our  iron  trade  cannot  fail  fco  be  greatlj  affected  by  bqcIi 
a  change. 

Again,  the  very  improTements  that  have  taken  place  in  the 
production  of  the  metal  have  sensibly  improved  the  relative  positioa 
of  other  nationst  less  favourably  circumstanced  than  Great  Briton  in 
the  matter  of  mineral  fuel.  To  manufacture  an  iron  rail  in  Scotland 
fifty  years  ago,  11  or  12  tons  of  coal  would  have  been  oonsumed. 
To-day  less  than  one-half  of  this  quantity  suffices  for  the  work,  and 
one-fuurth  of  it  is  enough  to  produce  a  rail  of  steel.  Thus,  instead  of 
having  to  multiply  any  difference  in  the  eost  of  fiiel  by  twelve,  which 
would  represent  our  former  position,  the  same  snm  has  only  to  be 
multiplied  by  three  in  order  to  ascertain  the  extent  of  our  present 
Advantage. 

Within  the  recollection  of  many,  almost  the  whole  world  wn* 
more  or  less  dependent  upon  Great  Britain  for  its  supply  of  iron  of 
ordinary  quality.  So  recently  aa  1871,  the  United  States  of  America 
\^rtually  relieved  us,  in  one  shape  or  another,  of  nearly  one-fifth  of  our 
make  of  pig  iron.  This  important  market  was  almost  closed  against 
us  from  1875  up  to  the  end  of  the  year  1878.  An  unexpected  deio^^ 
for  iron  and  steel  in  the  autumn  of  1879  found  the  United  Stata^^l 
it  was  alleged,  nnprepared  to  meet  its  own  requirements;  in  consequence 
large  importations  were  made  from  Great  Britain,  and  these  to  some- 
extent  still  oontinue.  So  long,  however,  as  the  present  prohibitive' 
tariff  remains  in  force,  it  is  only  a  want  of  capital  and  labour  which, 
will  prevent  North  America,  save  under  exceptional  circumstanceB, 
from  supplying  all  ita  own  reijuirements. 

As  to  our  relations  with  the  Continent  of  Europe,  we  have  not  only 
to  meet  France,  Germany  and  Belgium  in  the  open  market,  but,  to 
the  alarm  of  many— as  I  think,  an  nnnecessaiy  alarm^German  and 
Belgian  iron  is  to  a  moderate  extent  imported  into  this  country. 

In  the  hope  of  adding  to,  or  correcting  when  necessary,  the  impres- 
iioni  derived,  upon  former  occasions,  from  an  ejcumination  of  continental 
works,  1  once  more,  ailer  the  dose  of  the  Paris  Exhibition,  revisited 
iome  of  the  cliief  seats  of  the  manufacture  of  iron  in  Eiu'ope^  In  like 
manrntr,  so  recently  as  187-1,  and  again  in  187C,  I  endeavoured  to  make 
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!  acqiiainted  with  the  natural  advantages  possesBcd  by  most  of 
ai'fields  and  principal  iron  ore  deposits  of  the  United  States. 
the  information  thus  obtained,  an  attempt  will  be  made  to  com- 
fce  resources  possessed  by  different  localities  in  the  old  and  new 
I  as  iron-making  ct^ntres.  This  object  would  scarcely  be  complete, 
I  the  cjost  and  efficiency  of  the  labour  at  the  disposal  of  the  mine 
r  and  manufacturer  received  some  cc»nsideration.  This  last-named 
rt  may  involve  qoestions  of  a  character  not  so  easily  dealt  with 
i  natoral  resources  of  the  country  itself.  Such  questions  will 
ifcly  occupy  hereafter — if,  indeed,  they  do  not  do  so  already — a 
m  of  considerable  importance  with  regard  to  the  interests  of 
r  Bntain  as  a  manufacturing  nation.  In  the  matter  of  cost, 
A  in  the  abstract,  the  Continent  of  Euroi>c  biia  undoubteilly  the 
land  of  cheaper  labour  than  is  to  be  found  in  Great  Britain,  Wo 
be  better  able,  however,  to  compare  the  relative  eccmomy  of  the 
irhen  other  elements,  besides  that  of  mere  price,  are  bronght  into 


int. 
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SECTION  II. 


HI8T0EICAL. 

It  is  certainly  not  essential  to  the  main  object  of  this  work  that 
the  early  history  of  the  manufacture  of  iron  should  occupy  any  place 
in  its  pages.  Nevertheless,  a  brief  consideration  of  the  various  stepsy 
by  which  the  smelting  of  this  metal  has  arrived  at  its  present  positioD, 
aflPords  an  opportunity  for  comparing  the  progress  of  recent  years  with 
that  of  preceding  ages.  Hence  a  section,  historical  rather  than 
technical,  may  not  be  without  its  use  as  well  as  its  interest. 

Except  in  the  form  of  those  well-known  meteoric  masses,  in  whiA 
iron  forms  the  chief  ingredient,  this  metal,  I  imagine,  was,  until  a 
comparatively  recent  date,  unknown  in  its  native  state.  Some  yean 
ago.  Professor  Nordenskjold  had  heard  of  its  existence  in  Greenland, 
and  in  1870  he  was  fortunate  enough  to  discover  its  source  on  certain 
islands  in  Davis  Straits.  It  is  there  found. as  small  detached  masses 
embedded  in  Dolerite,  a  circumstance  which  accounts  for  its  preserva- 
tion in  the  metallic  form.  It  is  a  remarkable  fact  that  this  native 
iron  is  usually  associated  with  2  or  8  per  cent,  of  nickel  and  cobalt,  in 
which  particular  it  resembles  the  meteoric  iron  already  referred  to. 
The  subject  has  been  ably  examined  by  my  Mend  Dr.  Lawrence 
Smith,  of  Louisville,  Kentucky,*  who  supposes  that  the  heat  of  thl 
fused  basalt,  and  the  presence  of  carbon  as  found  associated  with  th 
metal,  had  effected  the  reduction  of  the  original  oxide  of  iron 
frequently  found  in  this  igneous  rock. 

The  absence  of  iron,  in  its  metallic  form,  in  many  of  the  monu- 
ments of  very  remote  antiquity,  has  led  to  the  belief  that  its  existena 
was  unknown  to  the  earlier  inhabitants  of  our  globe.  In  th< 
numerous  instances  when  objects  anciently  used  for  warlike  or  fo: 
domestic  purposes  have  been  discovered,  they  have  generally  beei 
fashioned  out  of  stone,  or  in  more  recent  times  out  of  bronze. 

*  Vide  "  AnnalM  de  Chimie  mmL  de  Physique,"  6«  serie,  t.  xvi.,  1879. 
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^^^^■■H  instances,  unquestirnjably,  the  absence  of  this  metal  raay 

PHHIVta  its  perishable  nature,  pn^ne  as  it  is,  under  atinogpheric 

pfin^ces,  to  rapid  oxidation.    Iron  implements,  protected  from  theae 

-s,  have  been  foand  in  some  recent  explorations,  and  bare 

,^.^  that  mankind  was  acquainted  with  the  existence  and  value  of 

at  a  maob  earlier  period  of  the  world's  history  than  was  at  one 

believed. 

e  minerals  containing  iron  afford,  it  is  true,  but  little  indication 

icir  metallic  nature;  but  this  is  so  easily  rendered  conspicaous  by 

contact  with  burning  wood,  at  very  moderate  temperatures,  that 

fnt  alone  must,  where  the  ore  is  plentiful,  have  led  to  a  knowledge 

vnlnable  nature  of  its  composition.      Metallic  iron  being  thus 

easily  produced,  little  ingenuity  or  skill  would  be  needed  to  forge  it 

a  variety  of  useful  articles,  greatly  prized  even  amongst  the  least 

communities. 
Tlie  facility  with  which  a  portion  of  the  iron  is  reduced,  and 
from  the  earthy  substances  with  which  it  is  UKually  aeso- 
in  nature,  would  doubtless  lead  to  its  production,  even  among 
ige  nations,  between  which  no  intercourse  existed.  Colonel  Grant 
ly  made  a  sketch  for  me  of  a  primitive  forge  which  he  bad  seen  in 
ion  in  the  interior  of  Africa,  upon  the  oct^nsion  of  bis  discovery 
le  sources  of  tlie  Nile,  in  company  with  Captain  Bpcke.  In  this 
iDg,  two  natives,  eadi  working  a  pair  of  single-acting  bi^Uows,  are 
orgiDg  the  combustion  of  a  small  heap  of  charcoal  situate 
[way  between  the  two.  The  ore,  in  small  pieces,  is  added  from 
time  to  time,  ^ith  fresh  supplies  of  fuel ;  and  this  is  continned  until  a 
^>B  of  imu  of  the  required  dimensions  is  obtained.  As  may  be 
\pJit4,  a  process  carried  on  by  persons  destitute  of  all  mechanical 
itrivances,  save  those  of  tlie  rudest  kind,  could  make  no  progi^ess; 
Colonel  Grant  supposes  that  the  produce  of  the  two  men  did  not 
a  dozen  pounds  per  day.  On  the  other  band,  a  furnace 
:nii^  but  little  from  the  rude  hearth  just  alluded  to,  in  the  hands 
inor«  skilful  mechanicians,  can  tuni  out  as  much  as  300  pounds  in 
twelve  hours, 

fe  some  parts  of  Europe  this  Bimplc  mode  of  making  iron,  per- 
irf  in  wliat  is  known  as  the  Catalan  Forge,  is  still  practised,  as  it 
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has  been  for  some  hundreds  of  years;  and  in  the  United  States  oi 
America  as  much  as  80,000  tons  are  annually  obtained  by  a  prooeai 
which  is  almost  identical  with  that  witnessed  by  Grant  and  Speke  ii 
Central  Africa. 

Whatever  may  have  been  the  precise  nature  of  the  procefis  bjj 
which  in  ancient  times  iron  was  produced,  it  is  clear  that  tiit 
human  race  was  early  possessed  of  materials  capable  of  forming 
of  great  hardness  and  power  of  endurance.     It  has  been  suggested 
some  forgotten  method  of  tempering  bronze,  an  alloy  in  common 
supplied  the  means  of  cutting  and  even  carving  the  hardest  kind 
stone.    It  seems,  however,  equally  probable  that  people  capable  o 
designing  and  constructing  the  monuments  of  Assyria  and  Egj;! 
should  have  noticed  that  the  process  of  making  iron,  in  the  mdi 
hearth  already  spoken  of,  may  be  so  conducted  as  to  produce  thi 
partially  carburized  form  of  the  metal  known  as  steel.     Indeed,  i 
appears  as  if  in  later  times  the  very  same  description  of  iumace  ww 
employed  indifferently  to  obtain  wrought  iron,  steel,  and  pig  iron. 

It  would,  at  any  rate,  be  hazardous  in  the  extreme  to  ground  anjj 
settled  opinion  upon  the  state  of  metallurgic  art  in  ancient,  or  even  in 
prehistoric  times,  by  the  state  of  our  own  more  recent  knowledge;  ffltj 
there  is  evidence  which  points  to  the  belief  that  in  some  lands  the  ail 
of  making  iron  was,  at  a  very  early  period,  in  a  far  more  advanced  j 
condition  than  it  had  attained  so  late  as  the  reigns  of  Elizabeth  or. 
Charles  I.  in  this  country.  As  an  example  of  this,  there  is  at  Delhi  aa., 
architectural  column  of  very  great  antiquity,  formed  out  of  maUeaUfl  j 
iron;  it  is  above  16  inches  in  diameter,  and  is  calculated  to  wei^' 
upwards  of  17  tons.  Its  existence  proves  that  subsequent  to  the  date 
of  its  manufacture,  a  great  decadence  must  have  taken  place  in  the 
art  of  working  the  metal;  for  I  am  not  aware  that  there  remains  anj 
later  record  of  the  existence  in  the  Indian  peninsula  of  the  means  of 
forging,  in  so  perfect  a  manner,  so  large  a  mass  of  iron. 

The  hearth  and  Catalan  fire — as  the  latter  was  called  from  its  use  ift 
that  province — blown  by  means  of  a  fall  of  water  known  as  the  tromtit 
or  by  bellows,  were  the  only  means  employed  for  ages  in  fumiahing  thI 
world  with  the  iron  it  required.  We  are,  singularly  enough,  left  tK^ 
conjecture,  not  only  when,  but  in  what  manner  the  next  step  in  ifei 
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lure  wafi  brought  abf>at.      This  want  of  precise  knowledge  is 

remarkable,  seeing  that  the  change,  consisting  in  the  produc- 

lof  cast  iron«  baa  probably  been  effect^^d  within  the  lafit  three 

B>  and  that  it  altered  entirely  the  character  of  the  opemtion 

tt  \*irtaally  conBtituted  the  first  really  gi'eat  injprovement. 

ontemporaneoQfily  with  the  use  of  the  Catalan  hearth,  at  all  events 

ikter  times,   the  Stiickofen  was  worked   in   Germany,  and   the 

furnace  was  employed  in  Sweden,  both  being  driven  witli 

ed  air.      A  mere  addition  to  the  height  constituted  all  the 

diflference  between  these  two  forms  of  furnace  and  their 

predecessor.    This  change  of  construction  woald  probably 

ggestcd  by  an  expected  economy  in  fnel*  or  an  increased  produc- 

lof  metal,  or  by  the  hope  of  combining  both  these  objects.     It 

doobtftil,  however,  whether  the  weight  of  malleable  iron,  or  of 

QS,'*  obtained  by  means  of  either  deseriptiou  of  furnace  ever 

two  or  three  tons  per  week. 

be  German  Stiickofen  was  usually  about  10  feet  high,  but  this  was 

sometimes  to  as  much  as  IC  feet,  with  a  diameter  at  its 

,  part  vtf  5  feet.     The  breast  was  built  op  temporaiily  with  brick- 

,  which  was  removed  when  the  bloom  of  wrought  iron  was  ready 

hammer.      It  cannot  be  doubted  that  in  such  a  form  of 

\  cast  metal  would  be  occasionally  formed. 

bia  last-mentioned  circumstance  in  all  probability  paved  the  way 

ae  construction  of  the  Blauofen,  an  invention  for  which  we  are 

*wi«!c  indebted  to  the  German  people.     In  it  the  height  was  some- 

'  tinwg  as  ranch  as  25  feet,  by  probably  G  feet  at  the  widest  part.    With 

inch  dimensions  as  these  there  would  be  no  difficulty  whatever,  by 

proper  treatment  of  the  ores,  in  combining  the  metal  with  sufficient 

I  arboli  La  obtain  a  constant  supply  of  cast  iron;  and  there  stems  no 

|i  irabt  that  by  means  of  the  Blauofen  this  waa  attained  in  actual 

'"    '        At  the  same  time  mere  capacity  will  not  of  itself  soffice  for 

i  action  of  what  is  now  known  as  pig  iron.     If  the  ore  and  fuel 

^cmployc»d  in  such  proportions  that  complete  reduction  of  the  oxide 

i  impossible,  a  substance  containing  little  or  no  carbon 

L  product,  in  whatever  form  of  furnace  the  operation  was 

Accordingly  we  dud  the  Blauofen  at  one  time  used  as  a 
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[The  prodnct  of  the  nt-^i  blast  famacefi,  so  lon^  at  leaat  as  tiii'^ 
of  small  dimeufiion.s,  wuuld  be  white  cast  iron :  and  this,  bemg 
fcr  the  faander,  would  doubtless  all  he  converted  into  the 
le  form  of  the  metal,  and  hammered  in  the  way  still  pursued  in 
forges  of  the  countries  above  mentioned. 
'Wn  to  the  end  of  the  sixteenth  century,  the  only  combustible 
Joyed  in  iron  works  was  that  afforded  by  the  forests  of  the  day; 
the  demands  upon  the  resources  of  the  latter  became  so  large  that 
for  other  requirements  compelled  legislative  enactmenfa  to  be 
in  England  regnlating  the  felling  of  timber.  Such  a  state  of 
'  liWy  led  to  the  consideration  of  fhe  fitness  of  mineral  coal 
iLc  for  charcoal;  and  towards  the  middle  of  the  seven teentli 
wa  find  Dudley  engaged  in  perfecting  plana  for  "  making  of 
meltings  extracting  and  refining  all  minerals  and  metals  with 
I,  flea  coal^  peat  and  turf/' 
This  early  adventurer  in  the  iron  trade  had  many  difficulties  to 
with.  Fl(K)ds  swept  away  his  works,  unscrupulous  competi- 
'oyed  his  machinery,  and  dishonest  partners  completed  his 
l  would  not,  however,  appear  that  very  mai'ked  success  had 
led  his  efforts,  if  it  be  true  that  seven  tons  was  the  outside  weekly 
net  of  his  fiiniacf^s;  being  only  about  half  that  usually  obtained 
the  charcoal  furnaces  of  his  time. 

i  tfi  very  probable  that  mechanical  science,  as  it  existed  in  the 

teenib  century,  although  capable  of  contriving  means  of  blowing 

al  furnace,  was  unable  readily  to  devise  appliances  adapted  to 

the  air  through  pit  coal,  which  was  used  just  m  it  came  from 

loijie.    The  effect  of  heat  in  charring  coal,  bo  as  to  convert  it  into 

Lave  been  known  at  that  time;  for  iii  Plot*8  "History  of 

'  we  learn  that  "Cokes  for  melting  and  refining  of  iron 

it  be  brought  to  do,  though  attempted  by  the  most  cunning  and 

artista/' 

iomething  like  lialf  a  century  the  idea,  which  had  proved  the 
lof  Dud  Dudley,  slept.     It  was  then  revived  by  Abi-aham  Darby, 
deservedly  held  in  high  esteem  among  the  promoters  of  indus- 
ienee.    Not  only  was  the  invention  of  his  predecessor  brought 
issue  by  bis  pei^verance,  but  he  did  much  at  the  be^in- 
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the  OK  of  €Mi  iron  for  foirndf 
173S  tint,  in  agHe  cf  the  faOures  4 
^ttktM,"'  tim  dialmgaished  ma 
I  or  qoIb  ia  hn  mm.  fiimaces.  Nd 
:  Okt  iiwiMiilaiMff  of  Ibe  finotcfr,  drcoizutsnced  were  sue 
OM  Om  mmmi  uakit  of  pig  inm  gndiall]r  M  off;  so  that,  in  I7ld| 
of  SW  fkraaen  wlilch  lad  been  Uoviag  in  the  middle  of  the  prevtai 
eentory,  only  5d  wese  ta  Vbt/L  Ihelr  prodBetiQa  in  tint  jear  li 
onl/  1 7,^50  Uwm,  wmd  Am  Terr  mnaH  jvM,  due  probablj  to  interrap 
tiont  in  their  work,  kft  30,000  torn  to  be  imporied  to  nieel  the  wsmU 
of  the  ooantij.  The  march  of  impfofement  seems  to  haTe  been  bul 
hognidf  for,  with  the  aid  of  tbt  rteuD  en^e  and  the  sabsti'tntion  oi 
iron  cjUndeTV  for  leathern  bellowB,  the  srraage  weeUj  jnake  in  17SI 
of  the  S^  fnmaoee  in  the  kmgdom  was  scstopIt  15^  tons  per  furnaces 
Of  the  total  aannal  qnantitj  f^odooed — xh^  68,$00  tons — abont  foiP 
fifthi  waft  smelted  with  <x>ke,  and  the  remainder  with  charcoal. 

Such  were  the  insignificant  proportions  of  a  trade,  now  so  Tirf; 
when«  about  the  year  1784,  another  inventor,  Henry  Cort,  rendered  li 
trnportaot  service  to  the  manafectuie  of  malleable  iron  as  Abrahani 
Darby  liad  affurd'^d  to  the  smelting  of  the  ore.  To  his  ingenuity  we  on 
the  grooved  roll*  and  the  puddling  process  of  onr  iron  works;  and  i 
is  no  exaggeration  to  say  that  to  these  two  inventions  we  are  mainly 
indebted  for  those  changes,  which  separate  so  sharply  the  last  40  or  50 
years  from  the  world's  previous  social  history.  With  no  better  imple-^ 
meot  than  the  hearth  and  the  forge  hammer,  as  they  are  used  to  thi4 
day  in  Sweden,  it  would  have  been  practically  impossible  to  produce  t 
nil  way  Ijar  or  a  ship  i>late;  and  who  can  set  a  limit  to  the  aid  thesei 
190  «rticles  have  afforded  to  the  unprecedented  strides  which  have  been 
m^Ak  daring  the  period  referred  to  ? 

A  more  recent  invention  may  possibly  complete  the  revolution  in 
ifcittMMMififcCtureof  iron.of  which  the  beginning  h^is  just  been  describedt 
1^  MMMdiitg  the  puddling  furnace  in  its  turn;  but  the  facts  as  stated 
^ittl  f^lBAin  unaltered.  Indeed,  admitting  that  steel  or  ingot  iron  will 
I.  ..,  ..  iv.  ..,^...py  i\^Q  phmr.  of  puddled  iron,  there  scema  bnt  little  likeli- 
iiMther  material  being  obtained  without  the  asststunoo 
Mf  m  ivi  hich  we  owe  so  much  to  the  inventor  of  puddling. 
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The  absence  of  all  oontinons  records  of  our  indusfery  pr<iventa  our 
^Qcr  more  than  estiinatrng,  in  a  tqtj  rude  way,  the  statistical  progress 
the  mannfacture  of  iron  hf  the  assistance  of  the  pnddJiDg 
of  Cort.    Within  seven  years  of  its  introduction,  however, 
s  was  given  before  the  Commissioners  of  the  Navy  that  50,000 
of  pig  iron  were  annually  converted  by  means  of  the  procsess  he 
devised.     If  this  statement  be  correct,  it  would  appear  that  its 
was  quickly  acknowledged  by  those  interested  in  its  application; 
lOgh  some  refused  to  reward  the  inventor,  who,  from  circumstances 
vliich  he  was  nut  personnlly  responsible,  was  allowed  to  die  without 
any  benefit  from  the  undoubted  servjee  he  had  rendered  to 
d. 
Some  thirty-two  years  after  the  first  introduction  of  the  puddling 
ace— viz.,  in  181(1 — another  unrequited  discoverer,  Samuel  Bald- 
en Rogers,  greatly  added  to  its  value  by  substituting,  for  the  sand 
of  Cort,  one  of  iron,  protected  by  a  c<iating  of  oxide  of  iron, 
y  great  importance  of  this  change  will  be  more  couveuiently 
when  the  process  itself  is  described;  suffice  it  now  to  say 
it  added  greatly  to  the  durability  of  the  fumacje,  as  weU  as  to  the 
^lity  of  the  product. 

The  introduction  of  successive  minor  improvements  in  the  develop- 
i  of  the  blast  furnace,  the  invention  of  the  puddliug  process,  and 
employment  of  mineral  fuel  iustead  of  charcoal,  both  in  smeltiug 
ore  and  converting  the  pig  into  malleable  raefcal,  were  followed  by 
iDttked  eomomy  in  boih  operations.  Au  ext-euded  use  of  cast  and  wrought 
iron  was  the  natural  result  of  reductions  in  price.  It  will  be  remem- 
feitd  that  in  the  year  1788  the  weekly  nmke  of  tlie  bliist  furnaces  then 
in  enstence  averaged  15^  tons ;  and  sdtbriugh  I  liavc  been  unable  to 
obtain  any  exact  figures  as  to  the  make,  it  is  highly  improbable  that 
tiw  total  annual  production  at  that  period  exceeded,  if  it  even  reached, 
tons.  In  1796  the  annual  make  \yQr  furnace  in  Great  Britain 
en  at  1,032  tons,  or  just  within  20  tuna  per  week.  In  the  event 
the  121  furnaces,  mentioned  as  haviug  been  in  existence  at  this 
perioi  being  in  blast,  the  make  wonld  have  amounted  to  125,000  tons 
fur  the  year. 
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As  nearly  ajs  can  be  made  out  by  reference  to  Scrivenor  anc 
authorities,  the  following  figures  shew  the  weekly  average  make 
British  blast  furnaces,  when  in  blast,  at  the  above  mentioned  di 

1788. — 15i  tons,  using  ordinarj  clay  ironstone. 
1796.— 20     do.  do. 

1806.— 21      do.  do. 

1827.— 35»    do.  do. 

The  subjoined  values  of  English  pig  iron,  for  each  fourth  ye 
taken  from  Tooke's  History  of  Prices: — 


)  No  reason  seems  to  be  assigned! 
3       extreme  variations  of  prices. 


\  The  quotations  of  £7  to  £9 
I  unchanged  for  15  years— vi: 
I  the  beginning  of  1804  to  th< 
)       1818. 

[The  highest  quotation  occurs 
year  1826,  viz.,  £12  per  ton. 

It  has  thus  been  made  manifest  what  a  wonderful  change  th 
years  ending  1828  had  effected  in  the  iron  trade  of  this  kir 
During  this  period,  the  weekly  make  of  a  fiimace  was  mow 
doubled ;  and  the  total  annual  production  rose  from  70,000  t 
700,000  tons.  We  shall  subsequently  see  how,  during  the  succ 
forty  years,  the  85  tons  run  weekly  from  a  furnace  came  to  excee 
and  how  the  yearly  make  of  700,000  tons  approached  very  cloi 
7  millions.' 

In  1828,  under  the  condition  of  things  just  described,  it  oc 
to  the  mind  of  James  Beaumont  Neilson  that  heating  the  air  be 

*  This  refers  to  such  furnaces  only  as  were  using  ordinary  clayband  iro 
the  make,  when  the  mineral  was  the  rich  black  band  of  Scotland,  being  ver 
higher. 

'  Since  this  was  written,  the  returns  for  1881  give  the  quantity  of  ] 
made  in  that  year  as  having  reached  8,352,623  tons. 


1782. 

£     8. 

6  0 

d. 
0 

to 

£     8. 

7  10 

d. 
0  per 

1786. 

3  0 

0 

»» 

6  10 

0    „ 

1790. 

3  0 

0 

»> 

7 

0 

0    „ 

1794. 

5  0 

0 

» 

8 

0 

0    , 

1798. 

5  0 

0 

»» 

8 

0 

0    „ 

1802. 

6  10 

0 

>f 

9 

0 

0    „ 

1806. 

7  0 

0 

» 

9 

0 

0    „ 

1810. 

7  0 

0 

n 

9 

0 

0    „ 

1814. 

7  0 

0 

>» 

9 

0 

0    „ 

1818. 

7  0 

0 

»i 

9 

0 

0    ,. 

1822. 

6  0 

0 

f» 

7 

0 

0    „ 

1826. 

6  10 

0 

» 

10 

0 

0    „ 
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I  tfie  fuel  might  be  oseftiL  It  would,  in  my  opinion,  be  dillicult 
patily  the  reasonableness  of  this  expectation,  with  ali  tlie  light 
odi  the  previous  and  sybsequeot  labonrs  of  pliysidsts  ImTe  thrown 
t  the  sabjeet«  of  heat  and  combngtion.  The  idea,  however,  poeseseed 
ain  attraction*  and  it  was  speedily  put  to  the  test  of  experiment. 
I  result  was  that,  within  four  yeai-n  of  its  introduction,  the  furnaces 
ithe  Clyde  worke,  in  Scotland^  were  rniniing  more  than  double  their 
Qcr  make^  without  requiring  more  fuel  for  the  larger  than  for  the 
'  quantity.  In  other  words,  the  consumption  of  fuel  per  ton  of 
when  burnt  with  air  heated  to  600  deg.  F.  (inS  deg.  C),  was 
I  than  one  half  of  what  it  was  when  using  the  blast  at  atmospheric 
Dperatures. 

The  ntmofit  surprise  was  excited  among  scientific  men  by  these 
,  the  examination  of  which  will  be  best  deferred  until  the  action 
ftbe  blast  furnace,  chemically  and  otherwise,  forms  the  topic  of  con- 
don.     I  will  then  endeavour  to  explain  the  precise  mode  of  action 
I  lie  hot  blast,  the  introduction  of  which  was,  at  the  time,  of  such 
enae  value  as  to  constitute  undoubtedly  one  of  the  most  marked 

i  in  the  advancement  of  the  iron  trade. 
At  the  period  to  wliich  we  have  brought  this  history,  the  compara- 
of  iron  had  considerably  extended  its  application  not 
I  those  objects  to  which  it  had  been  long  adapted*  but  to  certain 
mentions,  many  of  which,  but  for  its  assistance,  would  have 
unthought  of.  Chain  cables  for  mooring  ships  had  taken 
f  place  of  hempen  ropes;  pipes  of  iron,  instead  of  wood,  conveyed 
s  water  required  in  our  towns;  and  before  long  all  great  centres  of 
ation  were  illuminated  by  gas,  distilled  in  iron  retorts,  and  led  in 
,  piping  to  the  different  points  of  consumption. 
For  the  economical  transpoilr  of  gi-cat  weights  of  any  material, 
irater  oommum"cation  was,  at  the  time  at  which  we  have  arrived, 
deemed  indispensable.  Where  natural  facilities  did  not  permit  this, 
artificial  means  were  resorted  to;  and  irom  many  of  our  more  consid- 
etiMe  manufacturing  towns  the  produce  was  carried  away,  towards  the 
ies  coast  or  elsewhere,  on  canals  of  excellent  design  and  capacity.  At 
tie  same  time,  however,  in  some  of  our  colliery  districts  (probably 
from  the  almost  insuperable  difficulty  of  cutting  canals),  the  coal  was 
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conveyed  from  the  mines  to  the  fihip  on  railways — an  invention  whid 
has  been  in  use  for  this  purpose  for  something  like  250  years.  Fn 
about  120  years  after  their  first  introduction  the  sole  material  used  in 
the  construction  of  these  primitive  railways  was  wood;  and  it  saji 
something  for  the  enterprise  of  the  early  coal  owners  that,  at  a  periodi 
(about  1740)  when  the  make  of  pig  in  the  United  Kingdom  was  onlf 
17,340  tons,  one  of  their  body  suggested  and  tried  rails  of  cast  iron. 

Owing  to  various  reasons — the  high  price  of  the  metal  probahlf 
underlying  them  all — it  was  40  years  later,  or  about  1780,  when  cut 
iron  rails  came  into  frequent  use.  But,  long  after  this  date,  wool 
continued  to  be  often  employed;  and  I  remember,  so  late  as  about 
1840,  seeing  the  old  beech-wood  rails  in  use  on  a  colliery  railway  in  tk 
County  of  Durham. 

The  economy  effected  in  the  manufacture  of  malleable  iron  by  Ob 
puddling  furnace  began,  in  due  course,  to  bear  fruit ;  and  exactly  N^ 
years  after  Cort's  patent — viz.,  in  1804 — we  come  upon  the  nse  of 
wrought  iron  rails,  made  in  the  shape  of  square  bars,  and  only  trn^ 
feet  long.  These  were  found  unsuitable;  and  it  was  not  until  1820^ 
when  Birkenshaw  succeeded  in  rolling  bars  of  a  convenient  sectiM, 
that  malleable  iron  commenced  to  be  the  materi^  employed,  at  fint 
sparingly  and  afterwards  generally,  for  railway  purposes. 

This  humble  form  of  transport,  so  long  employed  in  the  North  of 
England,  was  destined  to  prove  the  nursery  not  only  for  railway  com- 
munication itself,  but  for  those  steam  engines  without  which  it  wonfl 
have  been  useless  to  contemplate  the  building  of  tracks  of  iron  upon 
anything  approaching  their  present  scale. 

After  driving  the  stage-wagon  from  the  high-road,  iron  gradoaU] 
took  the  place  of  wood  as  a  material  for  naval  constructions,  in  tb* 
propulsion  of  which  the  wind  plays  but  a  secondary  part:  the  fuma€ 
and  the  forge  again  providing,  in  the  steam  engine,  the  means  ^ 
locomotion. 

About  a  quarter  of  a  centuiy  after  the  pretty  general  adoption  < 
Keilson's  great  discovery,  it  was  becoming  apparent  that  a  met^ 
hitherto  considered  as  typical  of  strength  and  endurance,  was  uneqa 
to  the  heavy  demands  made  upon  it  by  the  ever-growing  magnitude  • 
our  railway  traflSc.    From  this  apprehension  we  were  relieved  in  185 
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I  ft  farther  important  invention,  viz.,  that  uf  tlie  Bessemer  prooeflS, 

ie  by  the  eminent  man  whose  name  it  bears. 

In  the  present  section  of  this  work,  it  will  not  be  inappropriate  to 

^ihc  various  steps  which  may  be  regarded  as  having  been  the 

ere  of  this  discovery^ — a  discovery  which  will  probably  for  some 

,  if  not  permanently,  remain  aa  a  culminating  point  in  the  progress 

[the  manufacture  of  iron. 

The  blast  furnace  furnished  the  old  forge  master  with  crude  iron, 
I  that  in  his  low  and  expensively  conducted  health  he  had  now  to  deal 
I  a  raw  material  containing  nearly  OTi  per  cent,  of  metal,  instead  of 
I  on;  often  of  only  half  this  richncBs.    When  Cort  proixjsed  bo  dis- 
use witli  the  cijetly  mode  of  treatment  just  mentioned,  cuusiderable 
Bcttlty  waa  at  first  encotmtered  from  the  corrosive  action  on  the 
e,  due  to  the  silicon,  which  is  always  found  in  greater  or  less 
in  aU  pig  iron.     It  was,  in  cc«nsequcuce,  found  more  econo- 
1  to  submit  tlie  crude  metal  to  the  paitial  action  of  the  old  hearth, 
r  refinery  as  it  came  to  be  called,  so  as  to  expel  a  considerable  portion 
r  this  ubjectionable  constituent.     Since  the  earlier  days  of  Cort'a  fur- 
fi,  tbe  process  of  refining  has  been  generally  superseded  by  the  device 
f  saturating  tbe  sUica,  produced  by  the  oxidation  of  the  siHcon,  with 
udti  of  iron.     This  takes  place  in  the  operation  of  puddling;  and  it  is 
aly  eio^ptiunallj  that  a  refinery  is  now  found  among  the  appliances 
fftmoilem  forge. 
Thuse  who  have  watched  with  attention  the  action  of  refining,  will 
uber  that  towards  its  close  a  violent  ebullition  and  evolution  of 
\  manifest  themselves,  indicative  of  a  great  elevation  of  temjier- 
This  is  partly  due  to  combustion  of  some  of  the  carbon,  but 
»ia!y  to  the  oxidation  of  the  siHcon  contained  in  the  pig.     If  the 
itiou  be   continued  long  enough,  these  two  substances,  which 
fusibility  on  the  iron,  are  gradually  reduced  in  quantity;  and 
at  are  evolved  by  their  action,  even  when  assisted  by  burning 
j^   insufficient   to   maintain    the  altered  metal   in  a  fluid 
rit  assumes  a  semi-pasty  condition.    In  Sir  Henry  Bessemer's 
bg^nioasly  contrived  apparatus,  the  circumstances  ©jnnected  with  the 
t)lmiQn  of  heat  are  greatly  modified,  by  pouring  a  vast  volume  of 
Very  quickly  through  the  molten  iron.    The  combustion  of  the 
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rbons,  and  the  admission  of  a  large  volume  of  air, 
iy  tend  to  cool  the  contents  of  the  hearth.    Besides  thia  inoon- 
e,  there  is  an  immense  luss  due  to  the  arrival  of  the  products 
dbcistion  at  the  chimney  long  before  tlicy  have  p:irted  with  more 
lafrBCticmal  portion  of  their  heat,  although  they  are  already  cooled 
a  temperature  below  that  to  which  it  would  be  adrantage<"iU8  to 
xjse  the  substance  under  treatment.    These  difficultiea  are  admirably 
in  the  "regenerative  fiimaoe"  of  Messi's.  Siemens.    The  fuel  is 
nployod  in  a  gaseous  condition,  and  the  heat  that  would  otherwise 
18  imparted  to  the  incoming  air  and  gas;  by  which  means  the 
or  of  the  structure  and  its  contents  ai'u  raised  to  a  temperature 
ble  of  maintaining  any  quantity  of  steel,  or  even  of  wrought  iron, 
ate  of  perfect  fusion. 

eption  has  been  taken  to  the  extent  of  the  service  rendered  by 
gentlemen  to  metailurgic  science,  founded  on  the  fact  that  the 
i  Dpon  which  their  furnace  is  constructed  had  been  described  by  a 
tvioas  inventor.    Wliatever  may  have  been  the  merits  of  the  latter 
^in  coanection  with  the  subject,  certain  it  is  that  Messrs.  Siemens, 
rith  or  without  the  knowledge  of  what  had  been  previously  done — 
it  matters  little — have  introduced  to  tlie  world  an  invention,  invalu- 
able as  a  means  of  commanding  a  most  intense  temperature  for  pur- 
poees  aever  contemplated,  so  far  as  I  kiiow%  by  any  former  discoverer. 
In  respect  to  the  immense  loss  of  heat  which,  thii-ty  or  forty  years 
ago,  was  uniformly  permitted  to  take  place  I'vum  all  puddling  or  mill 
iiBheating  famaoes,  it  may  be  here  pai'enthetically  observed,  that  this 
BerioQs  waste  is  now  avoided  to  a  considerable  extent  by  using  the 
escaping  flames  for  the  purpose  of  driving  the  steam  engines  employed 
in  the  works. 

To  some  extent  the  principle  of  the  regenemti%^e  furnace  has  been 

introduced  into  the  so-called  retort  furnace  of  Mr,  Price.     In  this  the 

I  beat  otherwise  lost  is  made  to  surround  an  upright  retort,  where  the 

I>art8  mik  a  considerable  portion  of  its  gaseous  constituents  before 

i^Cftoheg  the  fii-e-place.     The  volatile  portion  passes  through  the 

in  the  usual  way,  while  the  fixed  carbon,  more  or  less  in  a 

^  of  hrighi  incandescence,  descends  to  the  grate  bars,  the  couling 

•ady  spoken  of  in  connection  with  reverberatory  furnaoea 
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being  thus  Tery  greatly  diminished.    The  air  reqnired  for  combastii 
entoi's  the  fire-place  in  a  state  of  compression,  and  is  also  preni 
heated   by   the  waste  heat  of  the  furnace  itself.      Speaking 
personal  observation,  it  may  be  added  that  the  fiimace  of  Mr.  Prifl 
has  shewn  itself  quite  capable  of  commanding  a  temperatnre 
ciently  intense  to  melt  steel  with  great  facility. 

During  the  thirty-five  years,  or  thereabouts,  which  followed  th 
ap]>lic^tion  of  heated  air  to  the  smeltiDg  of  iron,  little  or  no  improve- 
ment was  effected  in  the  construction  of  the  necessary  appli&DO^ 
Ironmiisters,  amazed  in  many  instances  at  the  unexpected  results  d 
Neilson  8  invention,  were  probably  satisfied  that  its  then  unexplained 
economy  could  not  be  farther  improved  upon.  It  had,  it  is  true,  been 
demonstrated  by  philosophical  research  that  the  calorific  power  of  tbf 
fuel  was  far  from  being  exhausted  by  the  work  it  had  performed  in  the 
blast  furaace.  As  far  as  concerns  Great  Britain,  however,  it  must  bt 
admitted  that  in  those  days  the  voice  of  true  science  was  rarely  heart 
in  our  ironworks,  and  stUl  more  rarely  was  it  listened  to. 

Ghanges  in  the  dimensions  of  the  furnaces  in  nse  had,  no  dmU^ 
been  attempted;  but  the  additional  capacity  was  either  insignificant 
or  the  mechanical  appliances  were  incommensurate  with  any  gwifc 
alteration  in  the  general  arrangement  of  the  plant*  Hence  it  happeiw( 
that  the  several  furnaces  put  down  soon  after  1851  in  the  new 
now  known  as  the  Cleveland  were,  after  due  enqoiry,  erected 
old  lines — 1>.  they  varied  from  45  to  50  feet  in  height,  with 
having  a  diameter  of  from  14  to  IG  feet.  At  that  period,  it  may 
said  that  the  smelter  on  the  Tees  was  satisfied,  if  he  produced  a  ton  of 
grey  foundry  iron  i;^'ith  H5  cwta.  of  coke;  while  in  Scotland,  the  other 
chief  seat  of  the  pig-iron  trade,  something  like  50  cwts,  of  raw  ood 
was  the  usual  weight  of  fuel  employed  in  the  fimiace.  In  both 
no  fault  was  found  with  the  furnace  manager  if  the  Wast  was 
enough  to  melt  lead  readily — indicating  a  temperature  of  about  650** 
F*  (848°  a) 

In  this  rnpid  sketch  of  the  program  of  Ibft^m  trade,  an  English'- 
man  may  be  permitted  to  obserte  iriOsiSUUmn  that — » 
exception,  perhaps^,  of  the  gradual  growth  of  tin*  > 
furnn(\%  which  is  attributed,  on  noTer 
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Khe  difirerent  strides  towards  iraprovement  hax^e  been  exclusively  of 
■tUli  parentage*  The  next*  however,  and  a  very  imiwrtant  one  it 
bred  to  be.  is  doe  to  a  Frenchman,  M.  Fabm  Dufaur.  He  was  the 
■Bt  to  Qtiliae  the  vast  volume  of  flame  which  Hashed  from  the 
fcoate  iif  our  older  blast  famaces,  lighting:  up  the  sky  and  the  country 
■Tflillrjs  D>und  the  great  centres  of  their  operations.  This  French 
BBa  was  first  put  into  general  practice  in  this  country,  for  the  purpose 
if  ■  .^  steam  and  heating  the  blast,  among  the  iron  works  of 
Bt- -_._  ales,  where  the  apparatus  connected  with  its  use  were  simpli- 
lad  and  improved  by  Mr,  Parry  at  Ebbw  Vale.  The  new  fornacea, 
Utfi  Mifldlefibrongh,  were  the  next  w*here  it  was  njiplied,  and  so 
■beessfnlly  that  the  direct  saving  in  coals  achieved  by  its  means  has 
■mounted  to  not  far  short  of  a  miUion  and  a-half  tons  per  annum. 
Bbis  is,  moieover,  not  the  whole  of  the  economy  it  has  effected.  The 
Kgher  and  mf«re  regular  temperature  maintained  in  the  blast  is  the 
Bbmiiii  of  a  notable  saving  of  coke  in  the  furnace ;  and,  in  the  matter 
hT  lahour.  it  has  been  found  that  in  an  establishment  of  twelve 
■^■Hkit  saves  the  work  of  thirty  men  or  more,  who  were  formerly 
H^ipVtii  coaling  the  fircB  of  the  blowing  engine  and  hot  air  stoves. 
P  No  marked  ecx)nomy  having  attended  a  moderate  increase  of  the 
dimensions  of  blast  ftirnaoes,  the  new  works  at  Middlesbrough  were 
ocmirructed  similar  to  those  which  had  obtained  favour  by  many  years* 
eiperienc«  elsewhere — 1>.  they  did  not  exceed  a  capacity  of  5,000  to 
6,000  cubic  feet.  Messrs.  Whitwell  and  Company  departed  from  the 
{mctice  hitherto  obsei*ved  by  adopting  a  height  of  GO  feot»  which, 
|koirever,  was  not  more  than  what  had  been  already  tried  in  Wsdes. 
^  trifling  reduction  in  the  fuel  consumed  appeared  to  attend  this 
■bange  in  form,  but  not  more  than  that  vi  hich  had  been  akeady  ob- 
■|fagd  in  the  48  feet  ftirnaces  at  Port  Clarence,  by  the  use  of  air 
^Bd  to  nearly  1,000"*  F.  instead  of  700°  or  800°. 

The  late  Mr^  John  Vaughan,  iu  the  year  1864,  erected  a  furnace  of 

75   feet,   which  was  done  chiefly,  if  not  entirely,  in   the  hupe  of 

increasing  the  weekly  make;  for  this  gentleman  had  not  given  any 

■Mention  to  the  subject  c»f  the  actual  waste  of  heat  in  smelting  iron, 

^H^  experiment,  however,  was  not  only  eminently  success ftd  in  the 

^metion  in  which  he  expected,  but  there  was  a  most  important  saving 
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Id  the  wnjiuioptian  of  fuel.  Speedily  other  farnaces  were 
mmu'Vfhiii  hiK^tT — 80  feet  instead  of  75 — and  of  double  the  intemi 
(mpiiiit)^  fit'  Mr.  Vaaghan'a,  with  sncli  beneficial  results  that  Lefoci 
long  nil  the  MriuU  furuiujes  on  the  banks  of  the  Tees  were  deraolishedi 
In  order  to  make  way  for  the  colossal  structures  now  univetiiallf 
c?ni|ilrtyf'i]  in  that  district. 

Iliilii^t'Uj  thi^  hjuit  to  uhioh  the  blast  had  been  heated  was  thai 
ltri|n*i«o(l  by  tlu*  piAver  uf  the  iron  pipes  to  resiBt  the  action  of  thefirer 
Thii  iiii|>odiuiriit  wiis  icinoved  by  Mr,  E.  A.  Cowper'8  propjsal  t<j  adopt 
tlic»  n'K^nHi'utivc  principto  of  Messi"s,  Siemens,  in  which  briek-work 
wiii  riiinod  to  ii  high  tem^ierature^  and  the  heat  thus  stored  np 
thmi  tumvoyiHl  into  the  furnace  by  passing  the  air  over  the  hot  surfkon 
of  tho  bricks. 

Tlw  inmninatem  bad  thus  pbused  at  their  disposal  both  larg^ 
ftinmixm  And  hotter  blast — two  Yery  valuable  modiBcations  of 
ilipUnnoos  tbey  bid  b^on  in  tbe  habit  of  using.    Some  among  them 
im^  lillSuilM  tnougli  to  bdieTe  that  the  margin  of  economy  to  U 
fiflNM  I9  oiM  or  both  of  those  duuigca  nw  very  much  larger  iha 
iin)iiM)H%lll  iH>triiHiO»  VUtiAtod,     This^  hoirerer,  is  a  question  thi 
lilH)   im  rnvrnkilMif  Mkiltd  o&til  the  action  of  the  blast-furnace 

llwiH  b%  MoAil  m  chkplK»ioglttoeiilhedfaetpn)dQoedb| 
ib^viaimii 
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examples  the  mineral  nnder  treatmeTit  is  supposed  fco  be 
iroiist<:»ae,  j-ieUling  about  42  per  cent,  of  iron  in  its 
sUte*  Wben  minural  of  a  richer  deacripfcion,  and  more 
ly  reduced,  is  employed,  such  as  the  magnetic  ore  of  the  United 
much  m  lj200  tons  hm  l)een  nm  in  one  week  from  furnaces 
ling  only  about  10,000  cubic  feet. 
be  iafit  line  of  figures,  in  the  table  just  giTon^  contains  a  remarkable 
list  with  the  particulars  given  by  some*  French  engineers  of  a 
\  they  visited  in  Wales  about  forty-five  years  ago.  Then,  in  order 
iuoe  weekly  almost  exactly  half  the  make  of  iron  fi'om  one  of  the 
re  fumacses,  no  less  than  five  furnaces  were  required.  These  were 
ked  by  309  men,  women,  and  childi'en ;  257  of  the  number  being 


pt  would  be  inconsistent  with  the  object  of  the  present  work  to 

upt  to  do  more  than  name,  as  occasion  requires,  the  various  funiaccd 

Dechauical  contrivances  empk»yed  in  the  different  processes  referred 

A  complete  description  of  the  whole  of  these  is  to  be  found  in  the 

airable  English  work  by  Dr.  Percy,  as  well  as  in  those  of  many 

figtt  writers,  in  France,  Belgium,  Germany,  and  Sweden. 

la  1796,  or  a  iew  years  earlier,  pig  iron  had  fallen  BoJliciently  in 

and  the  art  of  the  founder  had  made  eujfficient  progress,  to 

nit  the  cunstriiction  of  a  bridge,  at  Sunderland,  with  lai*ge  seg- 

Dtaof  cast  iron.     It  was  at  the  time  considered  a  work  of  suiiicient 

to  render  appropriate  the  affixing  to  the  structure  the  motto— 

I  dtsperandtan  au^ice  Deo;  and  every  traveller  to  the  North  of 

gititid  a>nBidered  himself  bound  to  visit  what  then  was  regarded 

|a  most  daring  example  of  metallic  engineering. 

For  a  long  time  antecedent  to  Cort*s  use  of  grooved  rollera,  plates 

|fheeta  of  iron  had  Ix^en  spread  out  between  phun  ctast  iron  cylinders. 

Itiiit  named  invention  is  a8«Til>ed  by  Coxc,  in  his  **  Tour  in  Mon- 

bire,'*  to  John  Hanbury,  whose  family,  in  the  early  part  of  the 

hk^nth  century,  were  lessees  of  coal  and  iron  under  the  Earl  of 

►ergavenny,  in  South  Wales.     The  power  of  Banbury's  plate  mills 

those  in  nse  for  above  a  hundred  years  after  his  time  was  such 

P^V«7i^  ]tfetalliirgiqtie  en  Aiigleterre,^^  by  MM.  Dufr^nojr*  KUe  de  Beauioonty 
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as  to  cause  a  piece  of  400  lbs.  to  be  held  as  one  of  minsaal  dimenskni 
and  to  be  paid  for  accordingly.  What  a  contrast  this  affords  to 
practice  of  the  present  time,  in  which  are  to  be  seen  fomaoes  to 
mechanical  arrangements  to  move,  and  rolls  to  receive,  masses  of 
weighing  nearly  40  tons,  to  be  converted  into  armour  plates  for  dq 
of  war ! 

In  the  early  days  of  public  railway  construction,  the  only  experiew 
possessed  by  engineers  to  determine  the  strength  required  for 
materials,  was  that  obtained  with  the  slow  speed  and  li^ht  w< 
of  the  colliery  lines,  or  wagon-ways,  as  they  were  styled,  in  A 
North  of  England.     A  rail  weighing  50  lbs.  per  lineal  yard 
considered  to  afford  ample  margin  for  a  considerable  increase  in  vel< 
and  tonnage;  and  these  our  rolling  mills  were  not  generally  required 
deliver  in  lengths  exceeding  15  feet,  or  weighing,  therefore,  more  that 
250  lbs.  when  finished.     Latterly,  machineiy  has  been  constructed 
roll  90  feet  of  finished  rail,  in  one  piece  weighing  2,460  pounds;  a 
this  with  not  above  half  the  men  required  to  produce  the  old  id 
of  250  lbs.    Such  a  mill,  driven  by  the  reversing  engines  designed  bf 
Mr.  Ramsbottom  (formerly  of  Crewe),  has  been  known  to  turn  oafc« 
above  3,600  tons  of  rails  in  a  single  week. 

The  machinery  employed  in  hammering  iron,  which  either  from 
its  shape  or  size  could  not  be  fashioned  in  the  rolling  mill,  was  formeilf 
of  the  most  insignificant  dimensions ;  and  this  necessarily  limited  thr 
weight  of  the  work  which  could  be  undertaken.  No  hammer  ezoeedei 
a  few  tons  in  weight,  and  of  this  only  a  very  small  portion  was  effeotivr 
in  giving  the  blow,  the  height  of  wliich  never  exceeded  8  or  4  feefc 
The  peculiarity  of  construction  of  the  Nasmyth  hammer  commands* 
blow  due  in  some  cases  to  the  fall  of  a  mass  of  80  tons  through  i 
perpendicular  height  of  16  feet.  Moreover  the  effective  power  of  the 
impact  is  not  limited  to  that  produced  by  the  mere  falling  weight,  m- 
in  the  old  forges,  but  may  be  supplemented  by  steam  pressure  in  the 
cylinder  which  works  the  hammer. 

The  application  of  cast  steel,  particularly  in  France,  to  articles  of 
very  largt  dimensions  has  necessitated  the  employment  of  apparatus  of 
corresponding  capacity.  At  Creusot,  in  1878,  the  members  of  the  LxHi 
and  Steel  Institute  were  permitted  to  witness  the  casting  of  armour 
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[  of  25  or  SO  ton?,  which  were  afterwards  consolidated  under  the 

ttg  blows  of  the  80  ton  hammer.     At  St.  Chamond,  near  8t, 

B,  are  to  be  found  twr»  ladles,  each  capable  of  holdinj^:  more  thrva 

of  fluid  steel;  and  there  the  needful  power  of  resistance  is 

kt  to  be  conferred  on  armour  plating  by  annealing  the  pieces  in  a 

I  containing  100  tons  of  oil 

Ap8  a  still  more  impreasive  illnstration  of  the  va«t  power  of  the 

i  employed  in  the  manufacture  of  iron  is  furnished  in  forging 

oils  for  ordnance  purposes,  as  first  suggested  and  lirst  practised 

Br  William  Annstrong.     It  is,  indeed,  a  maiTellona  sight  to  behf^ld 

'metal,  sometimes  weighing  as  much  as  50  tons,  drawn  from 

\  heated  to  dazzling  brilliancy,  and  then  to  watch  the  ponderous 

t  hammer  effect  a  wuld^  many  yards  in  length,  so  perfectly  as  to 

\  to  resist  the  tremendous  strain  which  modern  artillery  has  to 

boa  it  may  be  said  that*  about  the  commencement  of  the  present 
f,  20  or  80  tons  of  metal  per  week,  as  dribbled  from  our  blast 
,  waa  handed  over  to  the  Lancashire  fire  and  its  accompanying 
Qer  of  puny  dimensions.  By  their  united  action  something  like 
L  of  wrought  iron  bars  was  obtained  every  24  houi"s;  which  bars 
"coold  only  be  sold  at  prices  that  forbade  their  use  except  in  very  limited 
*  s.  From  this  primitive  state  of  the  process  we  pass  to  the 
^,  ..i'naoe,  driven  with  heated  air,  and  furnishing  20  paddling 
Btnoes  with  a  weekly  supply  of  something  like  250  tons  of  metal 
•piece.  In  these  20  furnaces  the  laborious  exertions  of  80  men  were 
requtml  to  agitate  the  molten  iron,  so  as  to  expose  a  succession  of 
ft«h  surfaces  to  that  chemical  action,  by  which  it  was  purged  from 
tte  foreign  anbstances  acquired  dming  the  smelting  of  the  ore.  The 
lof  ibie  puddling  furuaoe,  being  far  below  that  required  to  fuse  the 
\  when  separated  from  its  associated  carbon  and  other  bodies,  all 
could  do  was  to  soften  his  product,  and  then,  by  hard 
labour,  cause  it  to  stick  piece  by  piece  together  in  the  fimiace 


the  puddling  fnmiwje  something  like  an  hour  and  a  half  wa« 
for  dealing  with  4  to  5  cwts.  of  pig;  and  two  good  men  did  well 
cwts.  of  paddled  bars  on  the  bank,  for  a  day*8  work.  In 
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place  of  this  laborious  operation,  7  or  8  tons  of  metal  are  now  brong 
direct  in  one  charge  from  the  blast  fmnace,  to  the  converting  vei 
and  the  same  air  which  burnjs  off  the  impurities,  by  its  passage  th 
the  iron,  dis[>en8e9  with  the  use  of  any  other  motive  power,  thaiil 
famished  by  the  blowing  engiue.  In  15  or  i'O  minutea  the 
metal  is  malleable  iron;  ai:id  the  change  is  wn»«ght  with  suchrapidit 
that  the  heat  evolved  by  the  combustion  of  the  impurities  is  inti^n 
enoagh  to  maintain  the  contents  of  the  converter  in  a  perfectly  flu 
condition* 

Chemically,  as  stated  above,  the  product  is  malleable  iron ;  mecb 
cally,  it  possesses  certain  points  of  dissimilarity.     Upon  our  abihty  I 
modify  these  latter  wiE  depend  the  realization  of  those  prophe 
which  predict  the  complete  supersession  of  iron  by  what  k  gene 
bot  often  somewhat  improperly,  denominated  steel. 

Leaving  the  past  and  looking  to  the  future  history  of  this  na 
inditttiyi  the  question  uppermost  in  the  minds  of  our  iron  mastexB  i 
imdonbt^y,  the  application  of  ordinary  British  pig  iron  to  the  ] 
&cturc  of  ingot  metal  or  steeL   The  Transactions  of  the  Iron  and  1 
Institute  are  replete  with  proofs  of  the  attention  which  this  profa 
laa  received  for  some  years  past  at  the  hands  of  its  membera  t 

By  acme  ti  may  be  considered  prematore  to  declare  that  the  < 
iialkHiortiiephofi^homs^  whidi  oonirtifeittea  the  bamer  to  the  naeof  | 
ffOQ  obtatned  from  oor  day  ironfltooes^  bidaiair  to  beooeiemf 
msotpiei  prooen  in  our  steel  woik^    The  taws^  bowev«r«  wbldi  ( 
the  removal  uf  this  hurtfol  ingredient  are  sufficiently  «ell 
■ad  cnoqgh  baa  adnaUy  been  done  to  JQBlii^  the  aoeitioa  tlwfc  it  i 
;wlticbhis  fgogtOMBd  ht  U^uai  the  regkn  off 

of  tfaeBanc  pneoa^  m  Aa  wiwst  of  i 

I  of  47  raih^nadeof  tfaebeilbcaadiein»&aiMtko| 
of  three  laakisn^koaBftiMfeedwiili  that  of  M  nib  Bttkal  Om  . 
m(k%  freaa  k  awtaaiDs  prohO^r  1  7S  fm  caa^  of 
Bodi  fata  wete  talaii^kerii^HMl^riaMOiiv^  If 
Railway,  and  airraid  ia  the  UM»fei^r  ^  *^  ^"^^ 
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Owboo. 

pOABDt. 

SUiOOtL 

IHtrceut. 

per  cent. 

Fbo«plu>ra*. 
jMroeut 

pcrofli 

Hematite  pig  .. 

*434 

OGS 

•091 

•058 

•915 

CleTeland  pjff,.. 

•451 

•094 

ws 

•053 

1-020 

1th  such  resulte  before  us  as  those  recorded  in  the  above  figures,  it  ia 
that  the  onlj  qtiestion  which  requires  cousideriitioii  in  connection 
ihe  removal  of  phosphorus  from  iron  is  the  cost  at  which  it  can  be 
V        '■r>hed.     In  other  words,  can  the  cheap  pig  of  Cleveland,  when 
d  with  the  expense  attending  the  Basic  treatment,  compete 
^pUh  the  dearer  metal  of  Lancashire  and  Cumberland,  which  latter  can 
'  Tied  into  steel  by  a  somewhat  simpler  manipulation?    This 

^:  -,-.  ^aestion  to  which  those  interested  in  metallorgical  sdence  in 
•  Great  Britain  still  await  a  definite  answer, 

Tbc  effect,  in  an  economic  point  of  view,  produced  by  the  various 
vementfi  briefly  reviewed  in  the  present  Section^  is  little  short  of 
ions.  During  the  40  years  ak-eady  alluded  to  as  ending  in 
1126,  pig  iron  was  rarely  quoted  below  £5,  while  the  average  over  the 
riod  may  be  taken  at  £7  per  ton.  Recently  we  have  seen  the 
tide  sold  at  326.,  and  steel  ratls  of  the  highest  quality  have 
kea  obtained  for  a  considerably  less  sum  than  the  lowest  averagie 
price  of  pig  iron  during  any  year  of  the  40  years  above  referred  to. 
great  change  in  the  cost  of  production  is,  to  some  extent,  to  b© 
to  the  discoveries  of  such  ores  as  the  Black  Band,  and  those 
famd  in  Cleveland  and  analogous  districts.  The  chief  source  of 
Bcooomy  is,  however,  unquestionably  due  to  the  improvements  intro- 
into  the  manufacture  itself. 
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SECTION  IIL 


ON  THK  DIRECT  PROCESSES  FOR  MAKING  MALLK4J 

IRON,  fl 

Mallkabli^  iron  and  Rtoel  are  obtained,  as  bos  been  described,  to; 
C'irtniltoiiM  method  of  flrnt  tjiaking  pig  iron,  and  then  removing 
fimH^n  niiittor  vvliic^b  tlio  motiil  has  taken  up  in  the  fama^se  ! 
tlio  innttTiftU  u«od  iu  mnelting.  Any  process,  therefore,  haring  ft: 
t»bject  the  pr«>durtion  of  malleAbto  iron  from  the  ore  at  one  opera 
Li  dititingiiitiliCHi  hv  the  u^e  of  the  word  *'  Direct " 

Ni»  0erk>iift  attempt  has  been  made  to  reriTe  in  this  countr; 
ofeaofeto  and  ahnoal  fbqp^tCcn  Oalalaa  tonaoe— much  less  its 
ImwUa  prodeoeawir*  llie  tow  hm^  of  Am  and  of  Africa. 
doriMMv  a^t'cvtMHa  lo  ocMiaidBr  tekfl^ 
iMdb  of  |0ocfd«iak  ia  ordar  iImI  w«  mt^msn  temetij  wfiprwrnh 
(foand  iqMMi  videti  il  h  wfw  wamflk/i  to  Tawarlraif  a  procesa>  nc 
%m^ slwyaigfd m  wltimmk  ^nmf  iwai wtid^  iiwiiMiiiit f  in  then 

1  ia^a  kad  lai  iiffiiilMii^  of  tefaclli^  wtA  a  fontace  aa 
la^  mA  i»cri>id  to  ■»  Igr  Oriaoel  Grant; 
to  Ik.  Tmf^^  te  Ik 
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that  ten  times  as  much  fuel  and  three  times  as  much  ore  are 
iqnired,  for  every  uait  of  metal  produced,  as  is  consumed  in  tlie  blast 
and  Bessemer  prooesfi  together. 
Dmc  Catalan  farnaces,  which  I  hud  an  opportunity  of  examining 
arth  Carolina,  were  near  3  feet  from  back  to  front  and  2  feet 
[gide  to  aide,  by  18  inches  or  2  feet  in  depth.     They  were  blown 
|i/vm^4^ — a  very  simple  form  of  apparatus,  in  which  the  current  of 
i  prefaced  by  water  falling  througli  a  square  upright  Ik>x  of  wood, 
blast  being  conveyed  to  the  hearth  through  stems  of  trees  bored 
poqxise.     Into  the  furnace  are  thrown  charcoal  and  ore,  the 
in  small  fragments.     The  hot  embers,  and  the  masonry  heated 
ptxjvioTis  charge,  quickly  cause  combustion  to  perva<lc  the  mass, 
the  blast  is  turn^.'d  on. 

lis  direct  mode  of  dealing  with  tlic  ore,  as  in  the  blast  furnace 
there  are  two  distinct  stages  through  which  the  mineral  has 
viz.,  first,  the  expnldon  of  the  oxygen  with  which  the  iron  is 
edt  and  secondly,  the  raising  of  the  reduced  metal  to  a  welding 
in  the  bloomary,  or  to  tlie  fusing  point  in  the  blast  furnace. 
y  80  fiiT  08  economy  of  combustible  is  concerned,  it  is  essential 
tbo  intensely  heated  gases,  generated  at  the  tuyeres,  shonld  com- 
as much  of  their  heat  as  possible  to  the  materials,  on  their 
downwards  in  the  furnace.    Failing  this,  the  loss  by  the  gases 
ag  into  the  atmosphere  at  a  high  temperature  is  exceedingly  great. 
{t  will  be  most  suitable  to  defer  considering,  with  the  proper  degree 
Bteness,  the  questions  raised  by  the  conditions  just  enumerated, 
we  are  describing  the  action  of  the  blast  furnace.     It  will  be 
nient,  however,  to  mention  at  the  present  moment  that,  as  the 
r  reduction  is  to  withdraw  oxygen  from  the  ore,  it  is  of  impor- 
at  the  gases  near  the  tuyeres  should  be  as  free  from  this  gas 
ble,  otherwise  there  would  be  a  risk  of  reoxidizing  the  metal, 
itlie  case  in  the  blast  furnace,  because  reduction  is  performed  in 
^ttpper  part,  of  the  furnace  during  the  gi'adual  tand  slow  passage  of 
i  are  Aiwuwards;  but  in  the  Catalan  or  any  similar  furnace,  much  of 
i  miacral  is  deoxidized  at  or  near  the  tuyeres.     Hence  arises  the 
r  of  burning  additional  quantities  of  carbon,  to  give  sufficient 
rwiergy  t«i  the  gases  at  this  point.    Even  with  this  preeaution. 
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complete  reduction  of  all  the  iron  is  impracticable,  which  is  the  cai 
of  so  great  a  proportion  of  the  metal  being  carried  off  as  slag  in  I 
structures  such  as  those  last  mentioned.  It  will  hereafter  be  seen 
admirably  a  well-appointed  blast  furnace  discharges  the  threefold  did 
of  intercepting  heat,  expelling  the  oxygen  from  the  ore,  and  i 
the  product  to  the  required  temperature;  while  in  the  Catalan  fimiiei 
these  operations,  from  the  nature  of  the  apparatus,  are  all  of  tha 
most  ineflSciently  performed. 

So  much  for  the  imperfections  of  the  direct  process — a  word  Ml 
for  its  advantages.     In  most  iron  ores  phosphorus  is  found  existinf^ 
either  as  a  phosphate  of  iron  or  phosphate  of  lime.    In  the  blast  fumifl 
the  deoxidizing  power  is  so  intense,  that  both  these  compounds 
their  oxygen,  and  arc  converted  into  phosphide  of  iron  or  phosphidl/ 
of  calcium,  as  the  case  may  be.    If  the  latter,  phosphide  of  iron  is  stil 
the  final  product,  since  the  calcium  is  displaced  by  the  molten  iron 
the  lower  zone  of  the  fiirnace.    The  phosphide  of  iron  so  generated  ■' 
dissolved  by  the  metal,  and,  if  in  excessive  quantity,  gives  rise  to  gittfc^ 
inconvenience  in  the  forge:  and  when  exceeding  1  part  in  1,000, it 
utterly  unfits  the  pig  for  steel-making. 

On  the  other  hand  we  have  the  ancient,  and  to  a  great  extent . 
obsolete,  method  of  direct  procedure,  which  during  the  last  30  yeat'' 
has  engaged  more  attention  than  its  actual  merits,  as  an  economioil!^ 
process  of  making  iron,  perhaps  deserve.    To  its  apparent  simplidtf^ 
has  to  be  added  the  desideratum  of  giving  a  product  comparative  ? 
free  from  phosphorus;  for,  owing  to  the  partially  oxidizing  tendencf  ' 
of  the  operation,  the  phosphates  are  chiefly  left  in  the  slag.    Noif 
that  steel  is  the  object  which  occupies  the  special  attention  of  tho0 
engaged  in  the  manufacture  of  iron,  this  direct  process  is  deserving  of 
some  further  examination,  than  that  which  would  be  its  due  aptft 
from  this  consideration. 

There  are  two  plans  for  accomplishing  the  reduction  of  the  ore^df 
iron,  without  the  operation  of  smelting  as  it  is  commonly  understooi 
In  the  first  the  mineral  is  heated  in  contact  with  charcoal  in  dosed  . 
vessels;  in  the  other  a  mixture  of  ore  and  carbonaceous  matter  k 
heated  on  the  floor  of  a  furnace  of  the  reverberatory  principle,  eitht 
stationary  or  revolving. 
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The  acitial  quantity  of  carbon  required  for  the  reduction  of  the 

Itictil&r  oompou&d  of  iroa  and  oxygen  udinilly  found  in  our  ores  ub 

the  smelter — riz.t  the  peroxide — is  in  reality  inconsiderable. 

Impplied  to  a  mixture  of  the  fuel  and  ore,  converts  the  carbon  into 

lie  gxide»  or  into  a  mixture  of  carbonic  oxide  and  carbonic  acidi 

fgen  of  conrae  being  derived  fix>m  the  ore.     8upix>sing  charcoal 

pare  carbon,  which  however  is  not  the  case,  and  such  carbon  to 

entirely  as  carbonic  oxide,  then  6'428  cwts.  of  this  fuel  would 

I  Induce  20  cwts.  of  iron  to  its  metallic  state,  fix^m  a  condition 

ie.    It  will,  however,  hereafter  be  shev^n  that  carbon  can  carry 

firom  iron  more  oxygen  than  that  required  to  form  carbonic 

5;  and  we  may  therefore  assume  that  6^  cwts.  of  common  charcoal, 

'  »nld  suffice  for  the  mere  redaction  of  the  ore. 

e  temperature  required  for  the  operation,  and  the 

1^11  weight  of  carbon  neoesaary  for  the  chemical  part  of  the  proceBS» 

-s  offer  great  inducements  to  pursue  the  enquiry,  both  from  the 

f i  view  of  cost  and  of  simplicity.    How  far  expectations  in  either 

idirwtion  have  been  verified  by  actual  experience,  we  will  now  proceed 
lifoOL>nfiider. 

kl  will  pass  over  the  attempts  of  Mr.  Clay,  who  labom-ed  long 

I  aBsiduuo&ly  in  the  cause,  and  who,  after  very  many  extensive  trials 

s  at  the  Walker  Works  in  the  year  1846,  failed  entirely  to  convince 

i  or  himself,  that  it  was  not  cheaper  for  the  forge  owner  to  buy  pig 

003.  per  ton  than  to  treat  Lancashire  ore  in  a  reverberatory 

•  by  the  direct  process^  although  that  ore  cost  leas  than  one- 

[  of  this  money, 

1855  M.  Chenot  received  the  highest  honour  the  Jurors  of  the 

Pim  Exhibition  of  that  year  could  bestow,  for  his  direct  process, 

fclared  by  a  high  French  authority  to  be  the  **greate8t  metallurgical 

\  &t(x>xtty  of  the  age,"     In  spite  of  this  recommtudntion  there  is,  I 

iWeTu,  only  one  work  in  the  world  where  it  is  in  operation^  or  at 

^pt  was  80  in  the  year  1872,  when  I  visited  the  locality  in  Spain. 

TOi^ii  in  this  case,  its  continuance  seemed  dependent  nptjn  the  possession 

"fajjuaiuity  of  charcoal  screenings,  which  would  otherwise  have  been 

I  vaated.   By  the  courtesy  of  the  proprietors,  Messrs.  Y.  Barra  &  Co.,  I 

^w  penaitted  to  examine  the  process,  as  it  was  being  carried  on  at 

'  tbittiinc  c 
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The  ore,  in  small  pieces  previously  calcined^  is  placed  aloD^ 
charcoal  in  an  upright  retort  of  brick,  about  83  feet  high,  its  hoi 
zontal  dimensions  being  about  4  ft.  9  in.  by  1  ft.  4  in.  Heat  from 
coal  fire  is  applied  externally,  causing  a  wasteM  expenditure  of 
In  three  or  four  days  reduction  of  the  ore  is  complete,  and  the 
is  then  withdrawn  and  cooled  in  a  vessel  closed  so  as  to  exclude 
air,  which  would  otherwise  reoxidize  the  porous  metal,  or  "sponge' 
it  is  termed.  This  immunity  from  reoxidation  cannot,  of  coiii8e,lii 
secured  when  the  product  has  to  be  reheated  as  a  preliminary  to  beiiy 
drawn  into  bars.  The  waste  of  metal,  by  the  fire  acting  on  so  large 
surface  of  iron,  is  very  great:  30  to  40  per  cent,  being  the  usual  kS 
from  this  cause. 

Fifty  years  ago,  when  five  tons  and  more  of  coal  were  freqnenlif 
used  to  make  a  ton  of  pig  iron,  the  Chenot  system,  when  dealing  wiA 
rich  and  cheap  ores,  might  have  had  some  pretensions  to  hold  a  jdaoe^ 
in  competition  with  the  blast  furnace  and  the  puddling  prooefl. 
Against  the  present  more  perfect  mode  of  smelting  iron,  where  the  toa 
of  pig  metal  is  obtained  with  40  cwts.  of  coal,  the  struggle,  in  iq 
opinion,  would  be  hopeless;  and  still  less  has  this  direct  plan  a  chaooe 
of  holding  its  own  against  the  Bessemer  mode  of  treatment,  in  which  I 
the  waste  gases  from  the  blast  furnace,  with  proper  machinery,  softo 
to  expel,  in  the  converter,  the  impurities  absorbed  during  the  smdtiif 
of  the  ore. 

In  support  of  this  opinion,  I  have  taken  the  cost  of  making  roM 
Bessemer  steel  as  unity,  and  against  this  have  estimated  approximatdji 
from  data  in  my  possession,  the  cost  of  bar  iron  produced  by  tiM 
Chenot  process :—  cort  of  cort  of 

Beaaemer  Rolled  StaeL  Chenot  Rolled  Ban. 

Fuel  (charcoal)       ...  100  (part  charcoal)  230 

Loss  of  MetaUic  Iron  100  ...  d50 

Notwithstanding  the  overwhelming  disadvantages  with  which  the 
direct  process  is  thus  burthened,  even  after  some  years  of  experienoe, 
the  idea  of  avoiding  the  circuitous  treatment  by  the  blast  fnmaoey  and 
the  subsequent  operations,  has  not  been  suffered  to  be  forgotten. 

Mr.  T.  S.  Blair,  of  the  Glenwood  works,  near  Pittsburg,  U.S.iL, 
considered  that  the  large  waste  of  combustible,  in  heating  the  exterior 
of  Chenot's  retorts,  was  due  to  the  difficulty  the  heat  had  in  penetrating 
their  contents.    Accordingly,  he  sought  to  remedy  the  evil  by  applying 
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annular  space^  which  contained  the  mixture  of  ore  and  char- 

'By  means  of  a  central  fcnbe  in  the  retort,  the  materials,  having 

DOW  a  thickness  of  only  4-|  inches,  were  heated  much  mure  readily 

ihm  when  they  occupied  a  spaoe  of  15^  Inchefi.    In  Bome  caaefl  the 

|i|f8ratQfi  had  a  diameter  of  4  feet,  and  a  height  of  about  45  feet. 

*  was  applied  nnly  to  the  upper  8  or  10  feet;  the  remaiuder  of  the 

being  used  for  allowing  the  product  to  coo!  before  coming  in 

ct  with  the  air. 

weight  of  fuel  consumed,  per  ton  of  sponge  made,  was  stated 

» about  8  cwts.  of  charcoal  and  27  cwta.  of  coal — in  all,  85  cwta. 

\  \s  not  so  much  as  is  consumed  for  making  Bessemer  pig  metal ; 

nearly  one-fourth  of  the  quantity  is  charcoal,  t!ie  cost  mil, 

By  speaking,  be  siDmething  in  axcom  of  that  in  the  blast  furnace, 

>  only  mineral  coal  is  employed. 

\  much  as  two  tons  of  sponge  were  obtained  per  day  in  such  an 

,  and  at  a  very  low  cost  for  labour,  according  to  the  figures  I 

dved;  but  nevertheless,  I  am  mistaken  if  it  was  not  higher  than 

'  iat  paid  in  England  at  the  smelting  furnace  and  Bessemer  converter 

pm  together. 

^  The  inducement  to  revive  this  modification  of  the  Chenot  procesn 

I  to  use  the  product  for  making  steel  in  the  method  known  as  the 

i-Martin,  whichj  as  is  well   understood,  consists  in  molting 

I  and  pig  iron  together.    The  sponge  was  thrown  into  the 

I  pig  metal,  when,  according  to  Mr.  Blair,  the  supernatant  slag 

the  poTons  iron  from  the  oxidizing  action  of  the  fire.     It 

;  my  misfortime  not  to  agree  with  Mr,  Blair,  either  as  to  the  extent 

t<j  which  this  protection  was  accomplished,  or  in  his  estimate  of  the 

ulTsatages  poneEBed  by  his  direct  process  as  a  partial  substitute  for  the 

r  leMoDB  have  been  given  above  for  regardbg  the  sponge,  in  the 

of  fuel  and  labour,  as  decidedly  more  expensive  than  an  equal 

f  pig  iron.    Now,  in  the  so-called  **  Ore  process"  for  obtaining 

be  hereafter  spoken  of^^to  100  parts  of  melted  pig  iron,  as 

loce  as  oonCdns  10  to  15  parts  of  iron  is  added;  and  the  result  is 

>ihe  carbun  and  sihcon  in  the  pig  reduce  (by  a  much  cheaper 

C0|  pvcMs"  than  any  hitherto  practised  J  as  much  iron,  as  gives 

tr  AbcfUt  the  same  quantity  of  steel  that  he  uses  of  pig  metal. 
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Hie  actoal  loss  of  metallic  iron  in  the  operaiiop  jist  deBcrihed 
Ttff  fimtll — not  exceeding  6  per  oeiiL  of  the  eotm  qnmtlty 
to  the  melter  in  the  form  of  ore;  and  on  this  no  expense  tor 
duttges^  ^e.«  has  been  incurred. 

The  ore  in  nse  for  the  Blair  prooesi,  on  Oe  ooowion  of  m j  Tioi 
Glenwood,  ««§  ftam  the  Iixm  Hoontain  of  Mkmiri,  and  wbb  eaid 
€nBlainnperoBiA.of  iron.  Ifth]awiaoQtTCCi,the>qNiiige8hoa]d 
|UM  M  per  cent  of  inm— sappoaii^all  tiie  aoilal  si 

I  Tm  guppuaaJ  to  be  ll»  emt.    Bat  He  atwige 
gran  to  me,  nwffwtod  of  the  foBoving  iBgf«d]eiit&  in  the 


.«flRa.<r    143|iirtL 


MR'  Will  iwM^  ^Hit^  IN^  ^^  ^*4H^rifiMK  fiW^tsa^n  iikflL.    M'ibw  j 
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:hat  of  pig  and  iron  sponge.  Nor  is  tliis  all  \  for  it  must  not 
iurgutti^  thiit  the  metal  made  by  the  direct  process  constitutes  only 
p»  cent,  of  the  whole  charge^  and  that  to  this  the  whole  of  the 
0D6t  is  to  be  debited;  m  that,  In  reality,  the  steel  obtained  Irom 
)nge  has  been  produced  at  a  cost  of  above  308.  per  ton  over  that 
the  other  ingredients  ai^  capable  of  affording,  by  the  alternative 
of  titatment. 

further  loss  falls  on  the  steel  made  from  the  iron  sponge,  due  to 

smaller  output  of  the  open  hearth  in  which  it  is  melted,  viz.  7C0 

aa  againgt  probably  1,000  tons  in  the  ore  process.     It  is,  there- 

Kit  improbable  that  the  difference  of  oOs.  ^ven  above,  may  be 

to  33s.;  and  this  would,  it  is  submitted,  amply  jnstijy  the 

already  expressed  respecting  the  future  of  Mr.  Blair's  process. 

"Ilore  recently  Mr*  Dapuy   has  communicated  to  the  Franklin 

-'"  ■  *      f  Philadelphia  a  mode  of  protecting  the  sponge,  when  made, 

Jig  the  ore  and  cai^bouaceoas  matt<:r  in  cases  of  sheet  iron. 

n  reduction  is  completed  the  whole  is  brought  to  a  welding  heat, 

in  that  state  is  drawn  out  into  a  bar.     According  to  his  own 

imafce  the  cases  will  cost  23s,  5d.  per  ton  of  iron  obtained;  which 

t  fail  to  prove  a  serious  obstacle  to  the  introduction  of  the  system 

ended  by  this  gentleman. 

an  the  trials  hitherto  spoken  of  in  connection  mth  the  direct 

the  purer  ores  of  the  hematite  class  alone  constituted  the 

tbject«  vf  cjcperiment.     These  were  purposely  selected  in  order  not 

Qioimi^ >'■'  '^        paratns  unnecessarily  with  inert  matter,  and  thereby 

prop*ji  iv  to  the  expense  of  obtaining  the  actual  product, 

i  such  OTCB  were  also  at  the  same  time  free  from  phosphorus;  whereas 

ation  of  this  sabstance,  had  phosphoric  ores  being  used,  would 

been  at  all  events  a  partial  set  off  against  the  costliness  of  the  pro- 

imelf.    Dr,  Siemens,  Past  Pmsident  of  the  Iron  and  Steel  Institute, 

nessed  with  the  advantage  of  using  the  regenerative  principle  in 

illation  with  a  rotating  furnace,  has  not  confined  himself  to  the 

the  purer  oxides  of  iron,  but  has  operated  for  a  considerable  time 

the  earthy  ores  of  the  oolitic  measures  in  the  Midland  cmmties, 

^^  a  largo  quantity  of  phosphorus.    A  mixture  of  the  onished 

.Old  coal  is  introduced  into  the  fin*nace,  which  is  gi-adnally 

up  to  a  fnU  red  heat,  until  the  ore  is  snpix^sed  to  enter  into  a 
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state  of  fnsion.     By  this  mode  of  treatment  it  was  belieTed 
reduction  would  be  effected  by  the  carbon  suspended  in  the 
mass,  which  would  neutralize  in  a  great  measure^  if  not  entirely, 
oxidizing  character  of  the  carbonic  acid  and  vapour  of  water, 
by  the  complete  combustion  of  the  coal. 

A  very  instructive  and  highly  interesting  series  of  papers  is  to 
found  in  the  Transactions  of  the  Iron  and  Steel  Institute  and  of  te 
Chemical  Society,  giving  in  ample  detail  the  results  obtained  by 
Siemens  in  the  course  of  his  experiments.  These  results  are  sadi 
to  have  inspired  their  author  with  great  confidence  in  the  fdtoit: 
reserved  for  the  process,  on  which  he  has  bestowed  so  much  thongU 
and  perseverance.  In  the  course  of  the  papers  referred  to,  strea  k 
laid  on  the  fact  that,  whereas  in  the  blast  furnace  the  carbon  dnsAj 
escapes  as  carbonic  oxide,  in  his  regenerative  apparatus  the  whole  of  it 
is  practically  converted  into  carbonic  acid.  Undoubtedly  the  heit 
obtained  from  the  combustion  of  every  unit  of  fuel  is,  on  this  aoooont^ 
much  greater  in  the  latter  than  in  the  former  case.  Owing  to  a  varied 
of  causes,  however,  even  in  this  improved  form  of  furnace  not  mvA 
more,  if  any  more,  than  26  per  cent,  of  the  heat  evolved  in  the  fin 
place  is  made  available.  On  the  other  hand,  it  will  be  hereafter  seei 
that  in  the  blast  furnace,  with  a  less  perfect  character  of  combugta0D» 
the  fuel  actually  performs  a  much  larger  comparative  duty  than  thiii 
just  mentioned. 

I  am  quite  prepared,  from  personal  obseiTation,  to  admit  that  t  | 
very  considerable  portion  of  the  ore  is  ultimately  fused  by  Dr.  Siemeni; 
and  that  possibly  reduction  under  the  favourable  conditions  daimed 
may,  to  some  extent,  take  place.  I  am  nevertheless  assured,  from  my 
own  experiments,  that  it  will  bo  extremely  difficult  to  heat  up  a  mix** 
ture  of  carbon  and  oxide  of  iron  towards  fusion,  without  the  operation 
being  accompanied  by  the  reduction,  previous  to  fusion,  of  a  very  large 
quantity  of  the  metal  contained  in  the  ore.  The  moment  this  reduced 
iron  meets  the  highly  oxidizing  atmosphere  of  the  furnace — ^which 
must,  in  a  rotating  furnace,  happen  more  or  less — waste  will  begin. 

Undoubtedly  the  useful  product  of  this  direct  process  contains  only 
a  fractional  part  of  the  phosphorus  found  in  the  ore;  whereas  the  blast 
furnace,  ns  has  been  mentioned,  gives  us  metal  containing  practically 
the  whole  of  this  deleterious  ingredient,  as  originally  associated  with  the 
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mizienik  einploTed.     Its  absence,  however,  from  the  iron  obtained  in 

ihe  rotating  furnace  is  entirely  due  to  the  oxidizing  nature  of  the  vaat 

quantity  of  ircm  which  either  escapes  reduction,  or,  being  reduced,  pasfles 

•gain  as  oxide  into  the  cinder.    Were  it  possible,  thereforc,  to  carry 

I  the  operation  without  this  loss,  it  ia  highly  probable  that  the  malle- 

\  iron  obtained  would  be  found  contaminated  with  phosphorus. 

The  view  just  expressed,  as  to  the  nature  of  the  action,  appears  to 

with  the  personal  obBorrations  of  my  friend,  P.  Eitter  von 

r,^  who  calculated,  from  the  paiticulars  given  him  of  100  heats 

i  a  mixture  of  calcined  Northampton  ore  and  calcined  Black  band 

ated  on,  that  27'G  per  cent,  of  the  metallic  iron  was  lost  in  the  slag.^ 

The  product  obtained  poBscKsed  an  advantage  over  that  of  the 

ot  procees,  inasmuch  as  it  was  in  the  form  of  a  solid  hammered 

containing  ddll  per  cent,  of  iron,  and  free  from  the  great 

to  waste  in  the  subsequent  stages  of  the  manufacture.   It  only 

•074  per  cent,  of  phosphorus,  although  made  from  materiala 

lich  would  probably  give  a  pig  iron  having  1  or  1'25  per  cent,  of 

ltu«  metalloid,  out  of  which  -2  or  -3  per  cent,  would  remain  in  the  bar 

iron  when  puddled  in  the  ordinary  way.     We  have  hera  a  materia! 

t  can  be  used  either  for  steel  making  or  for  the  production  of  bar 

i;  but  it  is  chiefly  in  connection  with  the  former  that  Dr*  Siemens 

t  a  value  to  the  process. 
Let  us  examine  the  subject  under  both  these  heads,  regarding  Dr, 
product  as  a  substitute,  wholly  or  partially,  for  iron  in  the 
I  of  pig  which,  with  the  addition  of  ore,  is  capable  of  afFording  steeL 
J  economy  of  the  blast  furnace,  in  the  matter  of  fuel,  has  Ixjcn  already 
to  incidentally,  where  one  ton  of  iron  was  stated  to  require 
VVtvo  tons  of  coal.  A  word  now  as  to  the  labour.  The  very  nattu-e 
w  foe  Bmelting  process  secures  the  exercise  of  an  economy,  in  this 
ft^^ct,  for  which  it  would  be  difficult  to  find  a  parallel  in  the  enth^ 
HDge  of  manufacturing  opemtions.  As  an  illustration,  let  iis  take  a 
^  of  furnaces  makiug  1,000  tons  of  iron  per  week,  which  is  by  no 
^BMM  an  unoumraon  rate  of  production.     The  three  classes  of  raw 

■  Altl     ^'^^^^^^^'^^^^  f^«^r  Vereinigt^u  Stoaten." 
=«»d«?  oae*  uf\i  ^'^f«*f>r  Tanner,  in  hh  Preface,  mentioiia  tliat  the  centner  (cwt.) 
"•^  of  iroiiL-  t^^l^  ^^^  ^^^'*  ^**  calciiktion  of  the  loss  m  on  one  of  100  lbs.    The 
».  luerefore,  in  rmUty  amonnts  to  35*3  \^t  cent,  instead  of  27*6. 
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material  consmned  in  the  Cleveland  works  for  this  quantity  will  wei^ 
together  about  4,750  tons,  the  whole  of  which  can  be  so  dealt  withal 
to  be  brought  in  train  loads  to  two  or  three  points  in  close  proximii; 
to  the  furnaces.  From  the  depdts  they  slide  by  gravitation  into  tk 
wagons  or  barrows,  &om  which  they  are  shot  into  the  tunnel  headL 
In  like  manner  the  pig  iron  and  the  refuse  are  so  concentrated,  li 
point  of  space,  that  effective  mechanical  means  can  be  largely  emplojel 
as  a  substitute  for  manual  labour.  All  this  is  entirely  changed,  i 
anything  approaching  the  weight  referred  to  above  is  to  be  treated  ia 
a  range  of  furnaces,  each  of  which  occupies  four  and  a  half  hours  ia 
the  reduction  of  20  cwts.  of  ore,  according  to  the  weights  givmi  by 
Professor  Tunner.  A  large  area  of  ground  would  necessarily  be 
occupied ;  and  the  materials  having  to  be  distributed  in  small  quan- 
tities at  various  points  over  its  entire  surface,  such  labour-saving 
contrivances  as  are  usefully  employed  at  the  blast  furnace  beooma 
impracticable. 

In  my  opinion,  the  advocates  of  these  direct  processes  underraiie 
the  importance  of  the  duty  performed  by  the  blast  furnace,  in  connec- 
tion with  such  ores  as  those  operated  on  by  Dr.  Siemens  at  TowoeBtff, 
while  they  magnify  its  cost.  In  the  case  of  an  ore  containing  40  to 
42  per  cent,  of  iron,  there  will  be  found  almost  exactly  the  same  weight 
of  earthy  matter  as  there  is  of  metal.  These  earths  have  a  very  power- 
ful affinity  for  oxide  of  iron,  and  therefore  seriously  interfere  with  the 
process  of  reduction  at  high  temperatures.  Besides  this  serious  incon- 
venience, we  are  thus,  in  the  direct  process,  crowding  up  the  space  of  an 
expensively  worked  piece  of  apparatus  with  inert  matter,  equal  in  weight 
and  more  than  equal  in  bulk  to  the  iron  itself.  Under  such  circom^ 
stances  as  those  just  related,  it  is  needless  to  say  how  important  it  is  t(» 
rid  the  process  of  this  foreign  matter  as  speedily  as  possible. 

It  will  be  more  convenient  to  wait  till  we  are  dealing  with  the  actioi 
of  the  blast  furnace  itself,  before  we  show  how  very  small  a  quantiif 
of  fuel  is  there  required  to  effect  the  fusion  of  these  earths.  Suffice  it 
now  to  say  that  the  entire  cost — for  fuel,  wages  and  flux— -of  freeing  tha 
metal  from  its  earthy  admixture  can  be  shewn  not  to  exceed  5s.,  on  (to 
ton  of  metal  obtained  from  an  ore  containing  40  to  42  per  cent,  of  iron* ' 

Professor  Tunner  gives  no  less  than  86s.  8d.  (20  gulden)  per  t(^ 
88  the  cost  for  labour  at  the  Towcester  works,  carried  on  by  Dr.  Sie* 
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ThU  seems  excessiTe,  and  may  be  partly  dae  to  the  fact  that 
at  that  establishment  had  scarcely  passed — if,  indeed,  it 
I  passed — the  mere  eiperiinenLal  stage.  This  item  cannot  however 
"  be  high,  for  in  it-s  nature  the  process  closely  reaeiubles  mechan- 
puddlitig,  in  which  the  wages  per  ton  of  product  are  at  least  four 
I  those  incurred  at  the  blast  fnraace.  This  difference 
ably  be  further  increased  by  the  circmnstance  that, 
I  pig  iron  loses  but  little  in  the  process  of  puddling,  the  ore  in  the 
'  fbmacea^  with  this  direct  process,  only  yielded  about  33  per  cent. 
\  weight  in  blooms. 
Ja  the  matter  of  fuel,  according  to  the  authority  already  quoted,  no 
4  tons  were  being  consumed  per  ton  of  hammered  iron  ob* 
but  for  the  purj>ose  of  comparing  its  cost  with  that  of  pig  iron 
will  accept  the  weight  named  by  Mr.  Rose,  the  Manager  of  the 
irkii  to  Professor  Tunner,  viz.,  3  tons.  From  the  data  just  described, 
\  inay^  for  our  present  object,  accept  the  following  as  tactors: — 


Tig  Iron, 
Per  Cent. 


HonunertHi  Dloomjn. 

Fcr  Oent 

35 


WtBt€of  Mefalljc  Imn  in  the  On?     ...     Pnu^ticiiilj  nil. 
r  Ubour  taken  us       100  at  least      600 

|FWl   ..,         do.  100  150 

ht  question  the  steel  maker  has  to  consider  is  the  extent,  if  any,  of 

eaperiurity  of  malleable  iron  so  obtained  over  pig  iron,  for  the 

stages  of  his  operation.     Speaking  from  such  infurmation  as  I 

B«  it  would  not  appear  that  a  furnace  melting  a  niixtm-e  of  pig 

I  wrought  iron  gives  a  much  greater  weight  of  produce  than  one 

pig  and  ore.     If  this  be  so,  the  actual  expense  of  melting 

Muixture  will  be  about  the  same;  and  we  are  left  simply  to  com- 

f  cost  of  the  one  set  of  ingredients  with  that  of  the  other. 

Let  it  be  assumed,  where  the  charge  consists  of  bltx)ras  and  pig  iron, 

ade  up  of  80  per  cent,  of  the  former  and  20  of  the  latter, 

e  Siemens  Landore  mode  of  treatment  80  per  cent,  of  pig 

I  Hub  added  to  it  20  to  25  per  cent,  of  ore. 

Under  such  circomstanccs,  and  having  regard  to  the  great  waste  of 

fe'a  and  eJttra  cost  incurred  for  labour  and  fuel,  in  producing  the 

I  Ity  the  direct  process,  I  cannot  see  how  the  materials  employed 

f  ^  ton  of  steel  can  cost  less  by  this  process,  than  by  that  where 

^tite  pig  iron  (at  60a,)  and  ore  are  used,  as  at  Landore. 
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No  donbt  the  presence  of  foreign  sabtances,  such  as  carbon  and 
silicon,  in  the  pig  iron,  means  an  expenditure  of  fuel  in  the  blast  fiui* 
nace;  but  this  is  not  all  loss,  for  these  substances  serve  to  reduce  m 
much  iron  from  the  ore  added,  that  the  actual  waste  of  metal  is  Dofcl 
one-third  of  that  incurred  in  the  direct  process,  if  both  are  calculated  I 
upon  the  ore  delivered  at  the  very  commencement  in  each  case.    Od 
course  it  may  be  alleged  that  in  the  direct  process  we  have  begun  wiftkfl 
materials  containing  an  amount  of  phosphorus  inadmissible  for  stod 
making,  and  that  we  have  succeeded  in  separating  this  substance  tgr 
avoiding  the  use  of  the  blast  furnace. 

Recent  experiments  however  have  demonstrated  the  possibility  (il 
washing  out  almost  all  the  phosphorus  contained  in  cast  metal,  If 
means  of  oxide  of  iron,  so  expeditiously  and  easily,  that  the  cost  d 
doing  it  would,  probably,  be  attended  with  much  less  expenjae 
that  connected  with  the  direct  mode  of  reducing  the  ore. 

Practically,  the  inference  to  be  drawn  from  what  has  been  advanced 
in  the  present  Section  is,  that  the  removal  of  the  carbon  and  silicoi^ 
absorbed  during  the  ordinary  smelting  of  the  ore,  is  done  at  so  small 
cost,  as  to  render  it  more  economical  to  employ  pig  iron,  than  to  use  tin 
direct  process  in  order  to  obtain  a  product  free  from  both  of 
elements.    Now  that  the  Basic  treatment  has  been  found  so  efScaciooi 
in  separating  the  phosphorus,  it  would  seem  as  if  the  only  ap] 
argument  in  favour  of  dispensing  with  the  use  of  the  blast 
no  longer  exists. 

If  the  final  object  in  view  be  not  steel  but  malleable  iron,  a  pi 
which  gives  us  the  article  we  seek  in  one  operation,  instead  of  two,]uii 
a  most  attractive  sound;  but  it  is  by  no  means  certain  that  the  advan- 
tages are  not  rather  apparent  than  real.  Adopting  the  same  dassification 
as  before,  I  am  sure  that  the  actual  waste  of  metal  accompanying  ib9 
use  of  the  blast  and  puddling  furnaces  will  not,  including  the  "fettling^ 
employed  by  the  puddler,  amount  to  that  spoken  of  in  connection  witb 
the  direct  process.  On  the  other  hand,  it  seems  pretty  clear  that  the- 
payments  for  labour  and  fuel  will  amount  to  less  for  the  double  mode 
of  treatment  than  they  do  for  the  single  one. 

It  is  true  that  in  the  one  case  we  have  as  our  first  result  pig  iron  j 
containing  nearly  all  the  phosphorus  found  in  the  minerals  employedrl 
while  in  the  other  we  have  malleable  iron  containing  less  than  *1  pen 
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[ihoros.    This  same  pig,  however,  oontaining  as  much  as 

1*75  of  the  objectionable  metalloid,  can  have  it  separated  in  the 

|Riddlmg  fUrnace  so  completely,  as  to  show  an  eqnality  in  this 

with  the  analpes  mentioned  by  ProfeBsor  Tunner. 

aring  mentioned  so  high  an  authority  as  the  learned  Professor,  I 

ad  to  add  that  he  views  the  future  of  these  direct  processes 

[hopeftilly  than  1  have  been  able  to  do. 

the  work  already  quoted^  Professor  Tunner  alludes  to  the  fact  of 
aal  production  of  iron  by  these  processes^  40,000  tons  being  now 
rly  make  in  the  low  hearths  situate  near  Lake  Cbamplain,  and 
^er  places.  I  si^arcely  gather  fi'om  the  context  that  even  here  this 
at  plan  is  regarded  by  him  as  being  able  to  compete  commercially 
>ont  modes  of  making  malleable  iron,  Without,  however, 
L  of  this,  it  is  easy  to  understand  that  nn  old  industry  may 
ine  to  ejost,  and  even  to  prosper,  in  times  of  high  prices  and 
import  duties,  notwithstanding  that  more  economical  methods 
lay  be  carried  on  in  its  immediate  vicinity.  This  is  particularly  true 
f  a  manulactiire  requiring  such  simple  appliances  as  are  used  on  Lake 
Shamplain,  and  where  the  product  is  applied  to  purposes  for  which 
"  -   '^  ngfihoric  iron  is  nnfit. 

a  we  come  to  the  matters  of  cost  and  waste  of  iron,  I  do  not 
ipprehend  that  the  figures  given  by  my  ft-iend  diflfer  in  any  degree  from 
iiy  oTnn.  The  ore  employed  on  Lake  Champlain  is  valued  at  158.  per 
ikm.  It  contains  70  per  cent,  of  metallic  iron ;  but  only  57  per  cent, 
g  rough  slabs  is  obtained  at  the  end  of  the  process,  showing  a  loss  of 
^y  20  per  cent.,  or  above  double  that  involved  in  puddling  pig  metal. 
i  particulars  of  cost  of  these  rough  slabs  are  given  as  follows: — 


05  cwt«.  of  ore  At  15s , 

13  bushels,  wy  46'5  c\vts.,  clmrcoal 

Lftbiur  ...         

Oeneiml  clxH^es 

Totiil 


£       B.  fl. 

16  3 

4    G  Q 

1  10  0 

0  12  6 

£7  15  G 


It  may  be  thonght,  looking  at  the  wasteful  mode  of  its  application, 
Uiittbe  quantity  of  fuel  consumed  is  unexpectedly  small,  as  compared 
liti  ibo  combined  processes  of  smelting  and  puddling.    This  arises 
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from  the  fact  that  there  is  little  or  no  earthy  matter  to  fuse,  in  treatnif 
so  rich  an  ore;  and  also  that  the  temperature  required  in  the  l<nr 
hearth  is  not  so  intense  as  that  excited  in  the  blast  furnace.  As  i 
matter  of  final  cost,  however,  there  are  few  ironmaking  localities  when 
ore  valued  at  16s.  per  ton,  and  containing  70  per  cent,  of  iron,  oould 
not  be  converted  into  pig  iron,  and  have  its  phosphorus  reduced  to 
•075  per  cent.,  in  a  rotating  furnace,  for  very  much  less  money  than  thai 
sum  just  named.  The  expectation  of  substituting  mild  steel,  or  ingot 
iron,  for  malleable  iron  made  in  the  ordinary  way,  has  diverted  atten- 
tion from  further  improvement  in  the  puddling  furnace.  Neverthehs 
in  that  modification  of  the  revolving  furnace  with  which  Mr.  Samnd 
Danks'  name  is  associated,  a  considerable  step  in  advance  has  reoenilf 
been  made.  At  Creusdt  two  such  furnaces  are  at  work,  in  which  tl» 
shell  is  kept  cool  by  a  current  of  water ;  from  each  of  these  8  to  10  tons 
of  puddled  blooms  are  produced  every  12  hours,  being  double  the  make 
usually  obtained  from  the  furnaces  designed  by  Mr.  Danks.  Tlie 
natural  effect  of  this  increased  output  is  a  considerable  diminution  in 
the  working  expenses,  thus  rendering  it  still  more  difficult  for  the 
direct  process  to  compete  with  the  modem  art  of  iron-making. 

Tunner  states  that  the  Jersey  or  Champlain  system,  as  this  is  ofta 
called,  was  the  first  method  practised  in  America  for  obtaining  tfaa 
metal ;  it  may,  therefore,  be  concluded  that  long  experience  does  not 
permit  much  hope  of  its  cost  being  materially  lessened.  Shch  is  not 
the  case  with  regard  to  the  other  two  direct  processes  more  particulaiif 
referred  to  in  these  pages ;  and  in  predicting  their  future,  we  are  left  to 
apply  our  general  knowledge  of  the  natural  properties  of  the  materiak 
dealt  with,  coupled  with  such  experience  as  we  possess  in  comparing 
the  expense  of  a  new  system  with  those  already  in  use. 

In  my  short  account  of  tlie  Blair  process,  given  on  a  former  occ^ 
sion,^  it  was  stated  that  the  porous  sponge,  when  thrown  into  the  steal 
furnace,  would  float  on  the  melted  pig  iron,  and  there,  to  some  extent^ 
would  be  re-oxidized.  Mr.  Blair  at  the  time  dissented  from  that  view, 
and  asserted  that  the  sponge,  light  as  it  is,  nevertheless  sinks;  and 
Professor  Tunner  himself  gives  it  as  his  opinion  that  it  is  incorrect  to 
suppose  that  the  sponge  must  be  oxidized  before  it  is  dissolved  by  Uia 

>  '*  Tranfactions  of  Iron  and  Steel  Institate,  1875." 
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bath  of  metal.  Prom  this  it  is  inferred,  that  aooner  or  later,  we  may 
exi>ect  to  see  lilr.  Blair  0  plan  in  snccessful  practice — an  opinion  which, 
eren  wlien  backed  by  the  great  experience  and  authority  of  the  learned 
Prjfc€8or,  I  do  not  see  my  way  to  agree  with.  In  support  of  the  in- 
oom^ctnees  of  my  own  views,  Professor  Tonner  mentions  the  fact  that 
**  re,  when  thrown  into  pig  iron  on  the  Landore  system,  sinks 
■jh  the  2  or  S  inches  of  slag;  and  that  the  sponge  at  Mr,  Biair'a 
works,  instead  of  being  porous,  was  compressed  "until  it  resembled  pure 
"* — it  is  persuinedin  density.  Of  course  it  cannot  be  meant  that, 
lumps  of  ore  fall  through  melted  slag,  sponge,  even  when  cora- 
prefisodt  will  sink  through  liquid  iron;  nor  is  this  very  impoitant,  Ijecause 
the  process  of  compression,  being  costly,  is  only  applied  to  those 
portions  of  the  sponge  wliich,  from  their  fine  state  of  division,  would 
be  difficult  to  deal  with  in  the  open  hearth  furnace.  As  a  fact,  only 
about  40  per  cent,  of  the  sponge  is  so  manipulated^  the  remainder  being 
QSod  as  it  comes  fnim  the  retorts. 

I  possess  no  means  of  resuming  my  former  discussion  with  Mr. 
on  tiiia  bead  by  reference  to  direct  experiment;  and  it  is,  perhaps, 
le  to  Professor  Tanner  to  observe  that  operations  at  Glenwood 
ided  upon  the  occasion  of  his  visit.  It  may  l>e  that  I  am 
my  views  as  to  the  actual  way  in  which  oxidation  occurs; 
tot  Ibat  I068  from  this  cause  really  does  take  place  seems  proved  by  the 
figures  obtained  from  Mr.  Blair  himself*  The  knowledge  of  how  this 
ke0  is  occasioned  is  only  important,  so  far  as  it  miglit  lead  to  the 
of  some  means  for  its  suppression. 
Notwithstanding  the  reasoos  here  given  against  the  probabih'ty  of 
teral  adoption  of  the  Direct  process,  it  is  stOl  largely  practised,  as 
been  stated,  in  the  United  States.  Its  continuance,  however,  in 
my  opinion,  is  not  justified  by  any  snperiority  in  respect  to  economy, 
compared  with  those  processes  whii:h  are  dependent  upon  the  blast 
as  a  starting  point.  The  Catalan  works,  generally  Bpoaking, 
are  located  where  it  would  be  inexpedient  to  incur  the  large  outlay  in- 
wired  in  the  erection  of  modem  ironworks.  High  prices,  fostered  by 
protective  duties,  may  suffice,  in  ordinary  cases,  to  afford  fair  returns  to 
thone  wbo  still  pursue  this  primitive  mode  of  working;  and,  in  the  event 
of  the  market  value  of  the  produce  falling  below  prime  cost,  the  ex- 
tin^nisiiing  of  a  few  Catalan  fires  or  bloomaries  is  not  a  serious  matter. 
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SECTION   IV. 


ON  THE  PRELIMINAKY  TREATMENT  OF  THE  MATERIA] 
INTENDED  FOR  USE  IN  THE  BLAST  FURNACE. 

If  the  conclusions  arrived  at  at  the  close  of  the  last  Section  can 
maintained,  we  most  continue,  for  the  present  at  all  events,  to  look 
the  blast  furnace  as  the  starting  point  of  those  operations  which  ha 
to  furnish  the  world  with  iron  and  steel.  This  must  at  least  be  t 
order  of  things,  until  some  considerable  improvement  takes  place 
that  more  direct  process  which  has  been  suggested  as  an  altemati 
one. 

It  would  conflict  with  the  intense  temperature  required  in  t 
hearth  of  a  blast  furnace,  if  the  materials,  when  they  reached  that  poii 
retained  any  portion  of  those  volatile  constituents  found  with  them 
their  natural  state.  Hence  everything  capable  of  being  expelled 
heat  should  be  evaporated  in  the  upper  part  of  the  structure.  Tl 
however  implies  a  redundancy  of  heat  in  that  region,  and  a  suffiden 
of  time  to  accomplish  this  change  in  composition.  In  the  laq 
furnaces,  as  recently  introduced,  this  redundancy  of  heat  does  i 
exist;  and  in  the  older  furnaces  the  necessary  time,  owing  to  tht 
limited  capacity,  was  not  at  the  disposal  of  the  smelter.  Under  su 
circumstances  some  preliminary  treatment,  as  indicated  by  the  headi 
of  this  Section,  becomes  necessary. 

PRELIMINARY  TREATMENT  OF  THE  FUEL. 

There  is  but  one  variety  of  fuel  which  in  its  natural  state  approad 
the  conditions  required  for  smelting  iron,  viz.  anthracite  coal.  Tl 
mineral  in  many  cases,  and  particularly  in  the  United  States,  contai 
a  mere  trace  of  volatile  matter;  and  in  consequence  it  reaches  t 
hottest  part  of  the  furnace  without  any  apparent  change  in  its  physit 
properties. 

There  are  nevertheless  many  kinds  of  coal  which,  although  V( 
rich  in  volatile  ingredients,  are  capable  of  being  used  in  their  raw  at 
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in  Brnelting  iron.  In  such  cases,  howeTer,  a  certaia  additional  amount 
of  ftiel  is  required,  in  order  to  provide  the  necessary  heat  for  expelliog 
the  tar  and  hydro-carbons.  On  the  other  hand  there  are  other  varieties 
<>f  coal,  often  less  rich  in  volatile  matter  than  those  referred  to,  which  are 
totally  uaelesB  in  the  blast  furnace.  These  are  known  as  coking  coak, 
4md,  when  erposed  to  heat,  enter  into  a  state  of  semi-fusion,  which  is 
regarded  as  interfering  with  the  entry  and  upward  passage  of  the  blast, 
OB  well  as  with  the  nnintemipted  descent  of  the  contents  of  the  furnace. 
&ich  coal  is  usually  coked,  before  being  delivered  to  the  iron  smelter 
-  if  ion  which,  as  it  is  usually  conducted  in  this  country,  is 

ith  a  considerable  waste  of  the  fixed  carbon,  and  necessarily 
«k>  with  considerable  e:Kpense  for  labour,  and  for  the  necessary 
hiiildings  and  plant.  These  two  sources  of  cost  are  saved  wlien  the 
<3wd  is  used  raw;  but  it  must  be  borne  in  mind,  that  tlie  vahic  of  the 
±iel  in  the  blast  furnace  is  represent-ed  solely  by  the  quantiLy  uf  coke 
capable  of  affording.  This  is  the  only  portion  which  affords  any 
1  heat  in  the  operation  of  iron  smelting:  for  the  inflammable  gas 
ids,  as  has  been  already  stated,  the  cc^mbustion  of  a  certain  quan- 
of  the  fixed  carbon  to  secure  its  expulsion. 

For  the  present  we  will  confine  our  attention  exclosively  to  the 
of  coking,  without  reference  to  the  subsequent  use  of  the  coke 
jtfielf ;  and  here  it  may  be  remarked  that  this  country  has  little  reason 
be  satisfied  with  the  rude  and  unscientific  manner  in  which  this 
inition  in  most  cases  is  still  conducted.  In  fact,  until  very  recently, 
no  kind  of  jjrogress  had  been  made  in  the  process  for  the  last  50  years, 
la  proof  of  this  I  propose  to  describe  the  practice  of  the  County  of 
ham,  in  which  something  like  6  millions  of  tons  of  coal  are 
ly  converted  into  ooke,  and  where,  if  in  any  hjcality,  some 
rimoe  towards  perfection  might  be  expected. 
Before  proceeding  with  this  demonstration,  it  may  be  well  briefly 
the  figures  upon  which  the  calculations  as  to  heat,  frequently 
to  be  referred  to,  arc  based.  These  figures  are  all  made 
ident  upon  the  number  of  thermometric  degrees  by  which  a  given 
itifcy  of  the  combustible  can  raise  the  temperature  of  a  certain 
nghtof  wat^r;  or,  which  amounts  to  the  same  thing,  on  the  quantity 
rf  water  which  can  be  raised  one  degree  in  temperature  by  a  given 
mt  of  the  combustible*    The  use  of  the  decimal  system  is  so  much 


48         SECTION  IV. — PEELDIINARY  TEBATMENT  OF  MATERIALS. 

more  conyenient  than  any  other,  that  scientific  writers  in  this  coonta] 
now  generally  adopt  the  centigrade  thermometer,  and  the  decima 
weights  used  in  France.  On  this  system  of  notation  a  kilogramme  al 
water  raised  one  centigrade  degree  is  considered  as  equivalent  to  oai 
calorie  or  heat  unit;  the  kilogramme  of  matter  burnt  being  aki 
regarded  as  a  unit  of  fuel.  The  heating  power  of  different  substancei 
varies  greatly;  thus  a  kilogramme  of  sulphur  gives  out,  during  coni* 
bustion  in  atmospheric  air,  only  2,320  calories  or  units,  while  thesama 
weight  of  hydrogen  gas  affords  84,000  units.  Again,  the  combusdoi 
of  the  same  body  is  accompanied  by  the  evolution  of  very  differeflfc 
quantities  of  heat,  according  to  the  amount  of  oxygen  with  whidiit 
may  be  made  to  combine  in  different  cases.  As  an  example,  one  joA 
of  carbon  can  take  up  either  one  or  two  equivalents  of  oxygen ;  but  it 
gives  out  2,400  heat  units  when  burnt  with  one  equivalent,  forming 
carbonic  oxide,  and  as  much  as  8,000  units  when  burnt  with  two 
equivalents,  forming  carbonic  acid.  It  is  also  essential,  for  the  proper 
understanding  of  such  calculations  as  those  in  question,  to  bear  in  mind 
that  when  a  compound  body  is  split  up  into  its  component  parts,  exad^ 
the  same  quantity  of  heat  is  absorbed  by  the  act  of  decomposition  tf 
was  evolved  by  that  of  combination.  Thus,  if  a  unit  of  hydrogen  in 
the  form  of  water  has  to  be  separated  from  its  combined  oxygen,  tto 
dissociation  is  accompanied  by  an  absorption  of  the  34,000  unit! 
mentioned  above ;  or  again,  if  carbonic  acid  containing  a  unit  of 
carbon  is  reduced  to  the  condition  of  carbonic  oxide,  the  absorption  of 
heat,  or  cooling  effect,  is  equal  to  (8,000  —  2,400)  or  5,600  calories. 

Occasions  will  arise  during  the  course  of  these  investigations,  whid^ 
will  require  us  to  understand  the  quantity  of  heat,  i.e.  the  number  of 
heat  units,  in  a  given  quantity  of  heated  matter.  As  the  amount  off 
heat  required  to  raise  the  temperature  of  equal  weights  of  different 
substances  is  by  no  means  the  same,  it  becomes  necessary  to  make  afl 
allowanoe  for  this  variation  in  what  may  be  called  their  capadtf 
for  heat.  This  is  done  by  taking  water  as  a  standard,  and 
assuming  as  the  unit  of  measurement  what  is  designated  the  apec^ 
heat  of  water,  in  other  words  the  quantity  of  heat  required  to  heai 
a  unit  of  water  by  1  deg.  C.  say  from  0  deg.  C.  If  then  W  repre- 
sents weight,  t  temperature  (centigrade),  and  S  H  specific  hea^ 
taking  that  of  water  as  unity,  we  have  the  equation  Wx^xSH=je^ 
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[ite  the  nnmber  of  calories  or  heat  units  contained  in  a  given 
^ht  of  any  known  body  at  a  known  temperature.  Let  us  apply 
I  fiTrmiila  first  to  10  kUogramnjes  of  water,  and  then  to  the  game 
ght  of  a  substance  having  one-fourth  the  8i>ecific  heat  of  water. 
I  body  heated  to  100  deg>  0. 

For  water  wo  huve  10  x  100  deg.  x   1    =^  l,0OO  heat  unit*. 
For  the  other  body  10  x  100  d^.  x  25  »     260 

Boperflnous  to  add  that  the  quantiiii  of  heat  evolved  by 

t  has  no  necessary  relation  to  ite  intmuUy — the  latter  being 

ndent  on  the  rapidity  of  the  combination,  and  upon  other  circum- 

I  on  which  it  would  be  foreign  to  the  objects  of  this  work  to 

I A  wide  range  of  information,  of  the  character  just  alluded  to,  has 

I  placed  at  the  service  of  industry  by  scientific  investigation.    This 

f Itedf  leavefi  the  Durham  coke  manufacturer  almost^  il'  not  entirely, 

Ottt  eicnse  for  the  rude  manner  in  which  he  has  conducted,  and  in 

ay  instances  continues  \jo  conduct,  his  business.    It  has  been  urged 

\  to  obtain  a  product  of  the  quality  sought  for  by  the  ironsmeltcr 

f  sacrifice  was  unavoidable.      The  answer  to  this  is  that  for  the 

i  twenty  •five  yeare  or  more  the  operation  has  been  earned  on  in 

;ium  and  France,  bo  as  to  avoid  much  of  the  needless  waste 

in  the  North  of  England,  and  without  the  change,  it  is  alleged, 

teg  aooompanied  by  any  of  those  disadvantages,  the  apprehension  of 

I  would  seem  to  have  impeded  progress  in  this  country. 

We  will  proceed  in  the  first  place  to  ascertain  the  extent  and 

aature  of  the  waste,  thus  condemned  as  imnecessary,  accompanying 

J  method  pursued  in  this,  the  chief  coking  district  of  Great  Britain. 

Tbe  coal  of  the  County  of  Durham  may  be  regarded  as  containing 

^JjercenL  of  volatile  substances;  or,  in  other  words,  as  being  capable 

[ftimishing  about  70  per  cent*  of  its  weight  of  coke.    As  a  matter 

[feet  scarcely  ^0  per  cent,  is  the  average  yield,  implying  that  one- 

Dlh,  or  nearly  15  per  cent.,  of  the  desired  product  is  lost.     In 

im  to  this  source  of  waste,  imperceptible  perhaps  to  the  casual 

p,  there  is  another  which  forces  itself  upon  the  attention  of 
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the  most  indifTerent  spectator.  I  allude,  of  course,  to  the  yast  loss  of 
heat  which  accompanies  the  immense  volumes  of  smoke  and  flame 
which  issue  from  a  Durham  coke-work,  blackening  and  desolating  the 
country  around  it. 

The  following  figures  exhibit  an  approximate  statement  of  the 
actual  quantity  of  heat  which  is  evolved,  but  from  which  no  use  is 
derived,  in  the  coking  of  100  kilogrammes  of  coal  in  the  old  so-called 
bee-hive  oven : — 

CUoriM. 

Heat  evolved  by  the  combustion  of  tbe  30  kilogr.  of  hydro- 
carbons, affording  7,400  calories  per  kilogr.  ...         »    222,000 

Heat  evolved  by  the  combastion  of  10  kilogr.  of  solid  carbon, 

giving  8,000  calories  per  kilogramme         -«      80,000 

302,000 
From  which  has  to  be  deducted  the  heat  required  for  expelling 
the  30  kilgr.,  reckoned  as  representing  2,000  calories  per 
unit  of  volatile  matter  60,000 


Giving  as  net  loss         242,000 


The  heat  emitted  by  the  combustion  of  different  specimens  of  raw 
coal  varies  in  amount,  but  for  our  present  purpose  we  will  take  it  ai 
8,500  calories  per  unit,  or  850,000  for  the  100  kQogr.  From  this 
statement  we  are  justified  in  the  assertion  that  something  like  28  per 
cent,  of  the  entire  heating  power  of  the  fuel  is  lost  in  coking — a  loee 
which,  on  the  six  million  tons  annually  coked  in  the  County  of  Dur- 
ham, is  equivalent  to  about  If  million  tons  of  coal. 

It  is  not  to  be  expected  that  anything  like  the  whole  of  this 
immense  loss  can  be  usefully  intercepted;  for  in  almost  every  operation 
where  heat  is  required  great  waste  is  incurred  by  radiation,  by  loss  at 
the  chimneys,  and  from  analogous  causes.  The  vast  area  covered  bjr 
coke  ovens,  and  the  extent  of  their  heat-emitting  surface,  adds  greatly 
to  the  unavoidable  loss  which  accompanies  their  use. 

Greatly  as  the  temperature  of  the  products  of  combustion  from 
coking  must  fall,  before  they  reach  points  where  they  can  be  usefidly 
applied,  it  remains  suflBciently  intense  to  bum  bricks;  this  having  been 
effected,  at  a  considerable  distance  from  the  ovens,  with  complete 
success.    The  purpose,  however,  to  which  this  waste  heat  most  readily 
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hods  itself  is  the  raising  of  steam  for  the  engines  required  at  the 
At  one  establishment,  where  nearly  the  whole  output  is  coked, 
calculated  that  8  per  cent,  thereof  would  formerly  have  been 
at  to  ventilate  the  mine  and  draw  the  coal  and  water — duties  now 
ely  performed  by  the  ovens  themselves. 

The  manner  in  which  the  waste  gases  are  applied  for  obtaining 

is  simple,    A  boiler  is  placed  on  a  main  fine,  into  which  as 

ny  ovens  as  experience  has  shown  to  be  required  for  its  use, 

«rbarge  their  surplna  heat.      At  the  colliery  in  qnestion  twenty-five 

,  having  each  a  diamet'Cr  of  11  feet  and  producing  7  tons  of  coke 

r  week,  are  attached  t'O  a  boiler  60  feet  long  and  5  feet  in  diameter. 

he  quantity  of  wakT  evaporated  averages  about  24  cwts*  per  hour 

r  boiler,  a  margin  uf  power  being  required,  owing'fco  the  somewhat 

Itermittcnt  nature  of  the  intensity  of  the  heat  given  off  during  the 

l^tOlation  of  the  coal. 

A  collateral  advantage  attending  the  system  is  the  entire  absence 
f  iBQiDkei  but  to  secure  this  the  flues  must  have  ample  capacity.   The 
hor  thrown  into  the  atmosphere  from  the  coke  ovens  in   the 
\ij  of  Durham,  in  the  form  of  sulphurous  acid,  has  been  estimated 
k  45,000  tons  per  annum,  whicli  accounts  for  the  immense  destruc^ 
of  vegetation  which  takes  place,  when  the  gas  leaves  the  oven 
[  ten  feet  of  the  surface  of  the  land*     By  the  use  of  chimneys  of 
Efficient  height,   this  poisonous  gas  can  be,  and  now  often  is,  so 
before  it  reaches  the  earth  that  its  effects,  as  it  is  believed, 
I  be  visible. 
A  few  words  now  as  regards  the  serious  loss  involved  in  the 
tion  of  the  10  Idlogr,  of  coke,  for  each  100  kilogr,  of  coal 
It  is  only  proj^r  to  observe  that  the  process  of  coking  has 
S!Ot  and  is  still,  somewhat  extensively  conducted  in  Durham  by 
k'Of "  fined  ovens,**  in  which  the  burning  gases,  after  they  leave  the 
;  trc  made  to  heat  the  charge  of  coal  externally.     This  greatly 
.  olenites  the  process,  and  by  so  much  shortens  the  time  during 
I  die  ooke  is  wasting.      But  uniibrm  testimony,  in  which  I  am 
I  to  concur,  goes  to  prove  that  the  coke  thus  obtained  is  not 
J  good  for  blast  furnace  wui*k  as  that  burnt  in  tlie  ordinary  way.     It 
it^  dense  and  less  silvery  in  appeai'ance,  and  in  consequence,  for 
I  best  explained  when  dealiug  with  tlie  smelting  process  itself;  is 
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incapable  of  performing  its  ftdl  meafiure  of  duty  in  the  furnace.  T 
ihe  increased  yield  in  the  oven  is  considered  m  being  neutralised, 
tha  ooke  having  less  value  when  it  reaches  the  ironworks,  than  has 
prodnoe  of  the  ovens  constmcted  without  such  flues,  and  with 
external  heating  of  the  contents. 

Some  of  our  most  experienced  authorities,  who  have  given  I 
lohject  much  attention,  were  led  to  infer  that  for  obtaining  hard  boi 
ooke  the  heat  afforded  by  the  combustion  of  the  gases  did  i 
fiuffioef  and  that  the  high  tempcratiire  required  must  be  continai 
after  the  process  of  distillation  was  completed.  This,  according  to  thi 
opinion,  can  only  be  secured  by  the  burning  of  a  portion  of  the  ooi 
itself. 

A  careful  examination  of  the  ovens  abroad,  and  analyses  of  tl 
gaaes  taken  at  various  stages  of  the  process  in  the  collieries  of  my  oi 
firm,  led  me  to  adopt  an  opposite  conclusion;  and  by  a  mere  chanf 
in  the  way  in  which  the  air  is  admitted,  this  serious  source  of  wa^ 
in  some  measure  removed.  fl 

By  the  two  alterations  just  described,  viz,  that  of  utilizing  tl 
heat  for  steam  pm^poses  and  a  reduction  in  the  waste  of  coke,  it  k 
been  estimated  that,  of  the  242,000  calorics  calculated  as  disappearinj 
Bomething  like  100,000  may  be  saved;  viz.  5(j,000  by  avoiding  a  pai 
of  the  waste  in  the  coke  itself,  and  44,000  calories  in  the  generatio 
of  steam. 

Among  the  more  elaborate  systema  of  ooke  making,  that  known  I 
tlic  Knab  process,  from  the  name  of  the  inventor,  is  deserving  i 
notice.  In  every  case  where  air  is  allowed  access  to  the  gases  mmt 
diately  on  leaving  the  coal,  they  arc  speedily  converted  into  water 
vafKiur  and  carbonic  acid— the  hydrogen  of  the  hydro-carbons  ginnj 
rise  tl  *  tlie  formation  of  water,  and  the  carbon  to  that  of  carbonic  add 
It",  instead  of  tins  mode  of  procedure,  the  distQlation  is  conducted  ii 
oloied  vessels,  and  the  volatile  matter  is  passed  through  proper  C0D< 
denserR^  the  same  products  are  obtained  which  ticcompany  the  maati: 
factnrc  of  illuminating  gas,  viz.,  amraoniacal  compounds  and  coal-t«5 
the  latter  yielding  creosote,  asphalte  and  aniline  dyes.  The  in 
malil**  gas,  after  being  freed  from  these  less  volatile  substn 
brouglit  back  to  the  oven,  where  by  it8  corr- 
the  ooal  is  u^mverted  into  coke. 
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In  two  localities,  vk,  at  South  Brancepeth  Colliery  belonging  to 
mj  firm,  and  at  Wigan,  this  system  hns  had  an  extensiye  trial  in  this 
itry;  and  the  result  was  final  abandonment  in  both  cases,  mainly 
to  the  difficulty  of  npholding  the  buildings*     In  France  also, 
nd  of  its  first  introdnction,  there  are  mot  above  two  or  three 
vThere  it  is  in  operation.    NcTertheless,  it  is  difficult 
that  the  idea  is  a  very  valuable  one;  for  M.  Carv^, 
has  had  several  years  experience  in  working  it,  has  recently,  at 
I  own  expense,  erected  an  establishment  at  a  cost  of  about  £20,000, 
I  loiftL*  iron  furnatses  near  St,  Etienne.     At  the  end  of  a  certain  term 
'  years  he  will  hand  the  ovens,  etc-^  over  t»  the  fiimace  owners  free 
'  t^h&rge,  his  remuneration  consisting  exclusively  of  a  »hare  of  the 
s  reaped  in  the  meantime  fixim  the  sale  of  the  tar  and  ammoniacal 

ia  South  Wales  and  8taffordghire,  coal  is  often  coked  in  the  open 
ir,  by  piling  blotOcs  of  coal  round  a  low  central  chimney.     This 
xiwever,  is  a  plan  which  cannot  be  recommended  for  adoption,  the 
)  of  coal,  especially  in  high  ^v-inds,  being  enormous. 

PRELIMINARY   TREATMENT  OF  WOOD. 

When  the  forest,  instead  of  the  mine,  is  the  source  of  the  fael, 

tnonu  charring  is  almost  invariably  practised.     The  exception  is 

Inhere  the  wood  is  highly  dried;  but  in  this  state  it  is  a  small  propor- 

yaily  which  can  be  empluyed  in  iron  smelting.    The  volatile  matter, 

ttg  of  gas  and  a  large  quantity  of  water,  which  is  capable  of 

pulsion  firom  wood  by  lieat,  is  so  great,  that  about  2^  per  cent*  of  the 

sight  of  timber  employed  represents  a  connnon  yield  in  charcoal* 

In  the  woods  of  the  United  States,  a  square  acre  of  forest  affords 

ttt  ^0  tu  40  cords  of  timber,  each  measuring  128  cubic  feet  as  it  ig 

ttied.  This  forest,  if  allowed  to  grow  again ,  would  not  be  fit  for  cutting 

hi  thirty  or  forty  years.    Very  frequently,  however,  the  lands  used  in  the 

^wUm  World  for  obtaining  charcoal  remain  cleared  for  agricultural 

les.    The  actual  weight  of  charcoal  afforded  by  an  aci'e  of  gix)mid 

fie«  from  7  to  14  tons.     This  is  evidently  too  small  a  quantity  to 

I  timt  Messrs.  Peaie  are  at  present  erecting  a  coking  work,  in  the 
ju.  lit  wlikli  they  propoa©  collecting  tlio  products  of  di»tilktion  in 
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,  of  SDj  petmaDeDt  enctiooB  for  cbamng^  even  if  tiie  wo 
wa^  ioleiided  to  be  exctomTtSj  deroted  to  gnppl jing  the  ironwc 
wiUi  ftid.  The  reason  is  obrioiis.  The  conTeyance  of  100  toni 
tkDb&Tf  gi'rtng  at  the  oatfiide  ^5  tons  of  charcoal,  would  entail  so  m 
ezpefiie,  owing  to  the  distances  apart  of  the  trees  to  be  felled*  t 
mj  partimlar  boilding  wonld  epeedilj  have  to  be  abandoned  h 
mumitabflitj  of  position.  The  conseqnence  h  that  the  wood  is  ahn 
all  charred  in  heaps  formed  on  the  gronnd;  and  from  the  canse  alrei 
mentioned,  a  blast  furnace  so  speedily  consumes  the  trees  in 
faninf^diate  vicinity,  that  the  expense  of  conveying  the  charcoal  to  i 
worku  l^ecomes  an  important  item  in  the  cost  of  the  faeh 

It  i»  true  that  near  Marquette,  on  the  shores  of  Lake  Superior,  I 
charc^itil  is  made  in  large  close  kilns;  but  this  is  done  from  neoese 
and  not  from  choice,  and  is  owing  to  the  length  and  seTerity  of  I 
winters,  any  saving  in  labour  or  gain  in  prodoce  being  more  tl 
erjrintcrbalnnocd  by  the  additional  charge  incurred  on  the  carriage 
th*^  volatile  constituents  of  the  wood*  ^^ 

Frtnn  jiamerous  enquiries  made  during  visits  to  the  American ^m 
I  have  cBtiiuatcd  the  cost  of  a  ton  of  charcoal  to  be  as  follows : — 


Prlr^t?  ]m\il  fur  timber  u  it  fltands  on  gnmnd 

Ciiilin^c  liiiilH»r     .,.  ., 

Ctmreoikl  biiniem  and  loading , 


Tfilfti  ermt  \nm\ed  into  wagonB,  «t  kilns 


The  price  of  transport  varies  according  to  distance;  somefciniee 
Ii  a  mvm  trifle*  but  fis,  or  Gs.  per  ton  is  a  common  charge  for  this  it^ 
and  oocasionnlly  the  carriage  comes  to  as  much  money  as  the  cost  of  ti 
Oharooal  itsr^f. 

Itt  Austria  the  cost  of  a  ton  of  charcoal  delivered  at  the  furnac: 
was  given  mi^  m  running  from  SOs.  to  568.  per  ton.  In  SwedBn  ^ 
Ircvn  mmtvr  who  owns  the  forest  lands  obtains  his  fad  for  about  ^^ 
liiil.  JiK^hinlvc  of  the  value  of  the  wood  30s.  to  85B.^fflrepre«!ntt^ 
ni'iirly  the  pric<>  of  a  ton  of  cliarooaJ  in  that  countrj,  ^ 

*rivi*  pritv  paid  fi^r  charcool.  under  the  condiV.\oTiB  ot  ] 
jtiM  ih  wr  HlHnl»  will  viiTv  gpcatly  acoorfiDg  to  U^^  ii«*«  <>* ' 
Ivnth .     W  i  th  low  tolling  rates  of  h' 


SKTKiar  IT. — PKcujmrXRT  tbeatxkst  or  matsriju^ 


55 


;  on  dntooAl  huoglifc  ^xm  long  fiirtiiiceB»  tnd  oAeii  over  rerr  bad 
,  wm  cttiiaB  his  nudte  of  pigi  «nd  80  disoontiDtie  the  nse  of  f\ie!, 
of  the  tasL  of  which  maj  be  niciiiTed  in  tmnsporting  it  (bun 
(Mirt  to  the  flumce. 

*niese  friees  i»f  charooal  have  been  quoted  with  a  riow  to  show 

r  what  dittdraDtageSv  in  point  of  ooet,  iron  is  numnlnctTired,  when 

I  Chk  dneripdon  of  fad.    In  the  ooal-fields  of  Qreat  Britain,  coke 

ddtTered  al  the  Itumaoes  at  about  128.  per  ton,  or  at  about 

^hitf  the  atm  paid  for  charooal  in  America.     Practicallj  the  mnnii- 

i  ofchareoal  troii  in  the  United  Kingdom  ma?  be  re^^rded  as  a 

[  of  the  past.     MoasTB,  Harrison  Ainsiie  uid  Co.  still  smelt  about 

i  of  this  article  per  annnm,  which  is  chiefly  nsed  for  mrdcing 

\  iran  castings,  that  is,  castings  which  are  rendered  malleable 

f  i  {loloikged  heating  in  contact  with  an  oxidizio^  snbstanoe  like 

dde  of  manganese.    I  am  informed  that  at  their  famaces  charcoal 

1  i^  to  75«s^  per  ton.     For  use  in  tin  works  charcoal,  down  to 

f%  reotnt  period,  commanded   iOs.  to   50s.  per  ton,  but  here  again 

cr  steel  bars  bid  fair  to  drive  iron  out  of  the  market,  so  that 

i  fires  are  that  disappearing. 


PRELIMTXARY  TREATMENT  OF  THE  ORES  OP  IRON. 

The  ores  of  iron,  as  they  are  delivered  to  the  Mast  furnace,  may 
&  dtrided  under  three  heads : — 

1. — Simple  oxides,  viz.  magnetic  oxide  (Fo^  O4)  and  peroxide 
(Fe^  Oi),  which  contain  no  combined  waterj  but  often  a 
considerable  quantity  of  included  moisture,  as  in  the  case 
of  ores  from  the  mines  of  Lancafthii'e. 

t— Peroxide  of  iron  containing  combined  water,  as  in  brown 
hematite. 

IL— Ores  in  which  the  metal  exists  as  a  carbonate  of  the  protoxide 
(Fe  0  COO. 

Bie  first  two  are  occasionally  foimd  nearly  pure ;  in  most  cases  liow- 
i^fr  thfcv  cuntain  fi\)m  10  to  lo  per  cent,  or  more  of  earthy  matter. 
m  carlwjuate,  when  occurring  as  spathose  ore,  is  also  sometimes  abnost 
V^;  bat  in  the  usual  nin  of  clay  ironstone,  in  which  tlie  metal  is 
lifewi§e  combined  with  carbonic  acid,  the  foreign  matter  exists  iu  such 
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lo  mboe  dv  jield  lo  ^om  i8  per  oenl.  to  40  per 
'  <^  itooe  coiitaiiii  evcD  more  than  40  pero^Lof 
bat  30  per  cent.  lepreaentB  the  ardiiiarf  produce  of  tlus  Tarieij 
the  mioeraly  which  is  bj  far  the  most  plendlal  of  aU. 

Fracticallj  it  maj  be  8aid«  that  for  all  ores  in  which  the  iron  exis^ 
in  the  form  of  carbonate,  reconnie  is  had  to  calcination,  before  their^ 
delivery  to  the  blast  fomaoe.    The  change  effected  bj  the  opei 
ii  the  expnlmon  of  combined  water  and  of  moisture,  while  the  me^ 
peroxidized,  and  a  portion  of  any  sulphur  present  is  driven  off. 

In  some  cases,  as  in  Sweden  and  elsewhere,  the  ores  of  the  osik 
labts  are  oocasionally  calcined  l^efore  they  are  submitted  to  the  action 
rf  the  blast  furnace.  The  mineral  is  by  this  treatment  more  readily 
rdduoed,  imd  to  some  extent  the  sulphur  it  may  contain  is  removed^ 
As  a  rule,  however,  the  oxides  are  smelted  as  they  are  raised  from  tiie 
loinu,  unless  it  has  been  necessary  to  remove  foreign  matter  by  any 
of  the  usual  modes  of  washing  when  the  same  is  capable  of  toeing  ao 
separated* 

Clay  ironstone  is  frequently  calcined  in  the  open  air,  in  heaps  cr 
clamps  ua  they  are  called,  This  is  a  very  wasteful  method  both  in  ftid 
and  labour;  but  in  the  case  of  Black  Band  clay  stone  the  quantity  of 
coal  associated  with  the  ore  is  bo  great,  that  it  would  be  difficult  to 
calcine  it  alone  in  a  kiln.  This  is  owing  to  the  liability  of  the  mineral  to 
run  tog^ther^  by  the  iiigh  iieat  evolved  during  the  process  of  calcinatioiL 

Tho  apparatus  used  lar  the  operation  in  question  has  been  greatly 
impruvi'd,  in  late  years,  in  the  disDrict  of  Cleveland,  The  kilns  are  a» 
lofty  as  the  blast  liimaces  formerly  were,  by  wliich  means  the  fud 
consunieJ  is  reduced  tx)  abuut  3^  per  cent,  of  the  mineral  employed; 
aud  llioy  are  m  cousLructed  that  they  are  se!f*discharging  into  Uie 
ftirnace  barrows.  The  credit  of  these  impm^emeuts  is  due  to  Mr.  John 
BoiTie  of  Middlesbrough,  and  they  seem  so  complete  as  to  leave  little 
room  for  tVu'thcr  amelioration. 

It  lias  been  proposed  to  use  a  portion  of  the  ironstone  nncalcined; 
and  making  allowance  for  the  loes  of  coal  which  is  incurred,  eVen  in  the 
weU  oanstruded  kilns  just  described,  it  may  be  granted  that  the  qmntiig 


of  aa  on  by  iiii»n«  <rf  cwbooic  oxide.    (See  "Cbem.  Fb—* 
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;  mc»pmg  from  the  latest  constructed  blast  furnaces  is  sufficient 
i  fispel  the  water  and  carbonic  acid  from  the  whole  of  the  ironstone 
fi^^Rie  intensittj  of  the  temperature  of  the  gases  is  howt^ver  on  the 
PH^BUch  below  that  required  for  the  operation;  and  hence  the 
iTMiLa^  of  the  change  is  very  questionable.  Besides  this,  there  is  a 
er  >,  connected  with  the  subsequent  use  of  the  escaping 

Lj   ^..  x^lit  the  combustible  portion  of  this  giiseous  fuel  onlj 
ita  to  15  per  cent,  of  the  whole;  and  any  material  addition  to  the 
Qammable  ingredients  might,  and  we  know  does,  tend  seriously  to 
(tab  Uie  combustibility  of  the  useful  portion  of  the  gases.    The 
I  labour  in  calcining  is  too  insignificant  to  demand  consideration; 
be  qoantity  of  coal  consumed  in  the  operation  is  so  small,  as  not 
uder  it  advisable  to  affect  in  saving  it,  the  burniug  of  the  gases 
ha^ii  to  serve  for  driving  the  machinery,  and  heating  the  blast 
fiimaees.     It  may  also  be  added  that  the  calcining  of  the  iron- 
,  with  the  excess  of  frt^e  air  which  passes  thi-ough  the  kilns,  effects 
fc  jpcrfbct  separation  of  the  sulphur  than  can  be  accomplished  in 
;  furnace,  where  at  the  pruper  [jcriud  for  expelling  this  noxious 
Dt  there  is  no  ft^ee  oxygen  to  be  found, 

PRELIMIKAEY  TREATMENT  OF  LIMESTONE. 

In  the  great  majority  of  cases,  the  purer  the  iron  smelter  receives 
liis  limestone,  the  butter  it  suits  the  purpose  he  has  in  view.     It 
By  happens  that  the  silica  and  alumina  of  clay  ironstones  are 
1  in  such  proportions,  that  the  mere  addition  of  pure  lime  suffices 
ftax  for  them.    The  presence  therefore  of  either  of  these  sub- 
in  the  limestone  itself  merely  adds  to  the  inert  matter  to  be 
Fortunately  for  successful  work  in  the  fiimace  fusible  slags 
I  be  pruduced,  in  whicli  the  constituents  coexist  in  a  vast  variety  of 
' '     extent  of  which  will  be  most  conveniently  explained 

Many  of  the  great  geological  deposits  of  limestone  consist  of  car- 
'^^^i&tc  of  lime  almost  pure;  thus  chalk,  when  dried,  will  contain 
I  as  99  per  cent,  of  this  substance,  and  the  mountain  liraest> 
[to  97  per  cent,  while  the  hmestone  of  the  Silurian  age  is  often  nearly 
i  as  chalk.    The  impurities  are  a  trace  of  oxide  of  iron,  alumina, 
I  «iljca ;  and  occasionally  magnesia,  existing  from  a  mere  *        tip 
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to  10  or  20  per  cent,  or  more.  In  the  formation  known  as  the  maj 
lunestone,  the  last  mentioned  earth  is  almost  invariablj  present  ii 
greater  or  less  quantity;  sometimes  nearly  half  the  weight  of  the 
consisting  of  carbonate  of  magnesia. 

As  a  mere  question  of  fusibility,  the  presence  of  magnesia  is  th 
reverse  of  a  disadvantage;  because  not  only  do  certain  mixtures  of 
silica,  lime  and  magnesia,  even  without  any  alumina^  form  compoimds 
which  are  easily  melted,  but  the  presence  of  a  fourth  ingredient,  or  erai 
of  more,  frequently  promotes  fusion  in  the  remainder.  GeneraSf 
speaking  however,  magnesia  can  be  dispensed  with ;  because  the  earthi' 
of  our  clay  ironstones  are  sufficiently  easily  melted  without  its  aid, 
and  it  is  at  all  times  better  to  use  lime,  on  account  of  the  snlphnr 
which  is  almost  invariably  found  both  with  the  iron  and  with  the  iu4 
Lime  has  at  high  temperatures  a  certain  affinity  for  this  element^ 
whereas  magnesia  possesses  little  or  no  action  on  it.  To  free  iron 
far  as  possible  from  so  objectionable  an  ingredient  as  sulphur,  tht- 
lime  should  be  in  excess;  hence  the  substitution  of  a  flux  inert  tf^ 
regards  this  metalloid,  which  is  the  case  with  magnesia,  is  not  dedr&bk 
At  the  same  time  it  often  happens  that  economy  of  cost^  genenOf 
determined  by  transport  charges,  leaves  no  alternative  but  to  empkj 
limestone  containing  a  considerable  percentage  of  the  earth  in  questioB. 
Thus  in  the  United  States  the  lime  in  the  flux  is  often  associated  with» 
much  carbonate  of  magnesia,  that  in  smelting  the  magnetic  ores  of  Ner 
Jersey,  yielding  48  per  cent,  of  iron,  as  much  as  25  to  26  cwts.  of  flo 
is  required  per  ton  of  metal  produced.  The  carbon  wasted  by  the  re- 
action of  the  carbonic  acid,  entering  the  furnace  as  carbonate  rf" 
magnesia,  and  the  fusion  of  the  needless  amount  of  cinder,  will  pro- 
bably require  the  presence  of  an  addition  of  5  to  7  J  per  cent  to  tto 
coal,  as  was  the  case  at  the  works  at  which  I  obtained  my  inibimatioi 
on  this  head. 

Among  certain  iron  works,  using  furnaces  of  4,000  to  6,000  coblC" 
feet  capacity,  it  has  been  the  fashion  to  calcine  the  limestone  bete 
charging  it ;  and  inasmuch  as  the  presence  of  carbonic  add  in  mflb 
cases  is,  for  the  reasons  assigned,  undesirable,  such  preliminttf 
treatment  of  the  flux  may  on  certain  occasions  prove  useful.  So  ter 
however,  as  it  is  possible  to  compare  the  performances  of  fttmaoei^ 
engaged  in  an  operation  where  there  are  so  many  disturbing  caoaoB,  I 
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i  Dcver  been  able  to  satiefy  myself  that  the  full  measttre  of  economy 

cted,  dne  to  the  difference  between  employing  carbonate  of  lime 

^  ami  in  iU  calcined  condition. 

be  objection  to  the  use  of  raw  limestone  in  the  fomace  is  mainly 

I  inrolving  constmiption  of  fuel,  which  may  be  Bummarised  as 

WBZ — 

CtlorlaL 
The  eipokion  of  ciLrbomc  add  from  the  quantity  of  flux  ttsed 

per  20  tmits  of  iron  in  Cleveland,  tAj  from  11  units  of 

cwbonate  of  Ume^  gives  11  k  370—      .♦*         4,070 

1*32  touts  of  carbon  in  the  carbonate  of  lime  would  diasolve 

a  like  quantity  of  solid  carbtm,  and  would  prevent  its 

eombusUon  at  the  hearth,  wherei  burnt  with  hot  air, 

CAch  unit  would  yield  3,000  ctdories ;  now  1*S2  x  3,000  «     3,960 

Making  a  total  theoretical  gain  of     ...    8,030 

bis  nnmber  divided  by  3,000,  the  nnmber  of  calories  afforded  by 
I  in  the  hearth,  gives  an  estimated  saving  of  2*67  units  of  fuel  on 
^0  of  iron  produced* 

)f  oouTBe  from  this  savings  namely  2'67  cwfcs.  of  coke  per  ton  of 
B*  must  be  deducted  the  value  of  a  much  larger  weight  of  coal, 
ically  used  in  the  kilns  for  calcining  the  limestone.    Inasmuch 
Bver  H8  the  rcftise  coal  used  for  the  latter  operation  costs,  in  the 
allnded  to,  only  one-third  of  the  price  of  coke,  there  remained  a 
^n  of  economy;  although  in  reality  the  saving  was  not  more  than, 
deed  it  reached,  one-half  of  the  estimated  weight  mentioned  above. 
iTliis  difference  between  the  real  and  calculated  saving  seems  to  me 
i  due  partly  to  the  fact  that  burnt  lime,  even  as  it  is  used  by  builders, 
I  contains  a  notable  quantity  of  carbonic  acid.     In  the  case  of 
employed  at  the  blast  furnaces,  the  quantity  of  carbonic  acid 
lied  by  the  act  of  calcination  must  have  been  considerable, 
iig  at  the  relative  quantity  of  the  two  which  was  used.    Thus, 
raw  limestone  was  employed,  12*8  cwts.  sufficed  per  ton  of  iron, 
|tial  therefore  to  7*17  cwts-  of  actual  lime.    Or  again,  H  cwts.  of 
bt ^  iiffioed  in  furnaces  only  48   feet  high^  which  would  be 

Hpi  !  t  7*84  cwts,  of  pure  lime.  To  maintain  the  cinder  however  of 
a  emilar  composition  as  regards  lime,  when  the  calcined  lime  was  used, 
ireighU  were  10  and  1 1  cwts,  respectively.    It  may  therefore  he  in- 
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ferred  that  there  wasstill  present  (10 — 7*17)  or  2-83  cwts.  and  (11— T^M 
or  3*16  cwts.  of  carbonic  acid  respectively.  Now  as  the  fall  eqnivalel 
of  carbonic  acid  was  only  5'G3  and  6*16  cwts.,  for  the  two  qnantitMi 
of  limestone,  it  looks  as  if  the  actual  quantity  of  this  volatile  constitaok 
had  only  been  removed  by  calcination  to  the  extent  of  about  one-hatt 

Another  cause  of  the  want  of  economy  of  fuel  is  probably  due  to 
the  behaviour  of  carbonic  acid  as  regards  lime.  Under  certain  con* 
ditions,  as  is  well  known,  a  high  temperature  dissociates  the  two  Bab> 
stances,  while  at  ordinary  temperatures  they  combine  with 
readiness.  It  has  to  be  observed,  however,  that  a  heat  up  to  that 
redness  greatly  adds  to  the  rapidity  with  which  lime  absorbs 
acid.  In  such  furnaces  as  those  to  which  the  present  remarks  iqip^i 
the  calcined  lime  would  commence  to  absorb  carbonic  acid  immi 
after  being  charged ;  and  it  would  continue  so  to  act  until  it  readifl| 
that  zone  of  the  furnace  where  elevation  of  temperature  and  other 
ditions  would  put  a  stop  to  further  absorption.  Such  carbonic  tdii 
however,  as  was  thus  taken  up  by  the  lime,  would  act  on  the  caiboi^ 
and  give  rise  to  the  same  expenditure  of  heat  for  its  subsequent  ef* 
pulsion,  as  if  it  had  existed  naturally  in  the  flux. 

When  the  larger  furnaces  were  erected  in  Cleveland,  the 
practice  as  regards  the  limestone  was  applied  to  them;  but  the 
were  not  such  as  to  justify  its  continuance,  for  there  was  scaroeljif 
any  perceptible  economy  of  fuel.  The  cause  of  this  was  probably  dn 
to  the  prolonged  period  of  exposure  to  the  more  moderate  temperatOR^ 
extending  as  this  does  over  a  much  wider  space  in  a  lofly  thtt 
in  a  low  furnace.  This  change  would  be  accompanied  by  a  more  ixtt 
plete  return  of  the  calcined  lime  to  its  natural  state  of  carbonate  of  liflM^ 

No  doubt  the  reabsorption  of  carbonic  acid  by  lime  would  K 
accompanied  by  a  rise  of  temperature;  but  this  probably  takes  piaMK 
near  the  point  where  the  gases  leave  the  furnace  that  they  hare  nob 
sufficient  opportunity  of  imparting  the  heat  thus  required  to  thi 
materials  filling  its  upper  region. 

The  only  case  I  am  acquainted  with,  when  caustic  lime  is  emploj^^ 
in  a  modem  large  furnace,  is  that  where  a  portion  of  the  ore  (dif 
ironstone)  is  used  in  a  raw  state.  Such  treatment  therefore  onlymetfi 
expelling  carbonic  acid  from  limestone  instead  of  from  ironstone. 
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THE  BLAST  FURNACE. 

I  diflScolty  any  fomi  of  the  direct  proceas  labours  tmder,  in  taking 
place  of  the  blast  f  amace,  meets  lis  from  almost  every  point  of  view 
dob  the  subject  may  he  regarded* 

For  the  fonnder  the  blast  furnace  is  indispeDsable;  for  so  far  as  our 
rienoe  go^s,  it  constitutes  the  only  available  means  by  which  he  can 
pplied  with  cast  iron.    No  doubt,  for  malleable  iron  purposes, 
Iblast  furnace^  as  has  been  admitted^  is  a  circuitous  mode  of  pro- 
lire,  for  in  it  the  metal  takes  np  subetances  which  have  to  be  got 
'  v*f  by  a  subsequent  process  or  processes.    This  disadvantage,  aa 
\Ueix  already  explained,  is  more  than  counterbalanced  by  the  very 
iiomical  application  of  labour  permitted  by  the  character  of  the 
■tioD,  and  by  the  much  higher  duty  performed  by  the  fuel,  when 
with  that  obtained  elsewhere,  whenever  a  high  temperature 
quired.    Along  with  these  two  claims  for  a  position  of  superiority 
the  direct  process,  is  the  practical  absence  of  all  waste  of  iron  in 
[operation  of  smelting.    Doubtless  against  this  last  named  ground 
ace  has  to  be  set  the  loss  of  metal  incurred  during  the  sub- 
Qt  process  of  separation  from  the  contract^^d  impurities.     After 
ring  for  this,  however,  a  considerable  balance  remains,  even  in  tho 
I  of  wtiste»  as  against  the  production  of  malleable  iron  direct  from 
ioTz^  and  in  favour  of  the  use  of  pig  iron. 

Fur  a  proper  appreciation  of  the  nature  and  efficiency  of  the  process^ 
etfr>nued  by  the  blast  furnace,  a  somewhat  careful  exi|g^B|fQ|L  gf 
I  Work,  chemical  and  otherwise,  is  indispensable* 
\  tliis  questioui  it  may  be  well  to  refer  again  to  the 
M  render  it  easy  for  the  pig  iron  maker  to  econon 
One  of  the  most  important  of  these  is  the  comj 
r,  including  moderate  but  sufficient  room  j 
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a  blast  furnace,  with  its  calcining  kilns  and  other  aooom] 
stands  on  a  space  not  exceeding  half  an  acre  of  ground.    Within 
small  area  will  be  annually  received,  and  most  economicaQy  handled! 
the  manner  already  spoken  of,  about  120,000  tons  of  minerals; 
from  it  upwards  of  60,000  tons  of  iron  and  slag  will  be  conveyed 
equal  expedition  and  cheapness.    The  consequence  of  such  an 
ment  is  that,  in  some  of  our  best  establishments,  for  each  day's  work 
the  men  employed,  nearly  two  tons  of  pig  iron  are  obtained.    It 
be  difficult,  looking  at  the  quantities  to  be  handled,  to  find  an 
where,  with  so  small  a  number  of  men,  so  large  an  amount  of  work 
performed. 

We  may  now  proceed  to  the  consideration  of  those  agencies^  If 
the  exercise  of  which  the  blast  furnace  performs  its  duty  in 
efficient  manner  claimed  for  it.  In  dealing  with  this  question,  it  i 
not  proposed  to  enter,  in  the  present  Section,  into  all  the  details  of  thl 
chemistry  of  the  smelting  process.  The  leading  phenomena  only  of 
the  theory  will  now  be  considered,  reserving  any  further  explanatioii 
to  be  discussed  under  separate  Sections. 

If  a  piece  of  carbon,  such  as  charcoal,  is  heated  to  redness,  and  con- 
tinues to  bum,  surrounded  on  all  sides  by  air,  it  will  be  so  without  any 
visible  flame.  Each  molecule  of  the  combustible  is  converted  at  once 
into  carbonic  acid,  with  the  evolution  of  the  largest  amount  of  heat  iti 
combustion  can  afford,  viz. :  about  8,000  centigrade  units  per  unit  of 
carbon. 

If  on  the  other  hand  several  pieces  of  charcoal  are  placed  in  coniaefc 
with  each  other,  and  the  air  required  for  their  combustion  is  made  to' 
pass  upwards  through  the  mass,  a  blue  flame  will  appear  at  the  tppi 
This  is  owing  to  a  deficient  supply  of  atmospheric  oxygen  causing  fht 
previous  formation  of  carbonic  oxide  (CO),  which  is  afi^erwards  bnrit 
to  the  state  of  carbonic  acid  (COg),  the  moment  it  meets  the  exteml 
air.  This  generation  of  the  lower  oxide  of  carbon  may  take  place 
two  ways.  Each  equivalent  of  atmospheric  oxygen  may  meet  with  QOt 
of  carbon  and  unite  with  it,  thus  forming  carbonic  oxide  at  onoe;  or 
else  the  carbon  may  first  be  burnt  to  the  condition  of  carbonio  add^ 
and  then  this,  the  highest  oxide  of  carbon,  may  come  in  contact  with  • 
fresh  equivalent  of  carbon  in  a  hiffhly  heated  state,  and  dissolve  it,  two 
equivalents  of  carbonic  oxide  being  the  result  (CO,  x  0  =s  200).   In 
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&c  point  of  TieWy  this  actioa  i&  precisely  the  same  as  if  the  two 

\  of  carbon  had  been  burnt  directly  to  the  state  of  carbonic  oxide. 

low  firee,  sach  as  the  Catalan  hearth  and  refinery,  the  real 

'  the  c5oniba6tion  varies  with  circnmstances,  such  aa  the  depth 

fire,  and  the  temperature  of  the  fuel,  whether  it  be  charcoal  or 

Aa  a  rale  we  may  take  it  that  near  the  tuyeres  of  these  shallow 

there  is  a  certain  amount  of  carbonic  acid  present,  only  part 

Itch  is  reduced  higher  np  to  the  state  of  carbonic  o:dde.    In  this 

,  portion  of  the  carbon  amves  at  the  surface  uf  the  fire  in  the  form 

rbonic  acid,  and  there  it  mingles  with  that  resulting  from  the 

ion  of  any  carbonic  oxide  which  may  reach  this  ptAnt  as  such. 

,  thas  happens  that  in  such  an-angements  as  those  last  mentioned, 

jrhole  of  the  carbon,  in  the  one  way  or  the  other,  passes  up  the 

ney  as  carbonic  acid,  having  evolred  by  its  oxidation  the  greatest 

at  of  heat  it  is  capable  of  affording.    It  is  clear,  however,  that 

I  the  object  of  such  a  fire  as  the  Catalan  or  refinery  Ls  the  imparting 

-  to  some  body  immersed  in  the  fuel,  it  cannot  be  otherwise  than 

iceedingly  wasteful  operation.    That  portion  of  the  carbon  which 

tit  below  the  surface  of  the  fuel,  passes  ^oo  rapidly  upwards  to 

time  to  impart  more  than  a  mere  fraction  of  its  heat  to  the 

'  exposed  to  its  influence.    On  the  other  hand,  such  combustion 

l^iaoe  on  the  surface  of  the  mass,  is  scarcely  in  contact  with 

^jbe  heated,  and  exercises  little  or  no  useful  etfect. 

9W  compare  the  nature  of  the  combustion  as  it  is  effected 

hlast  famaoe,  and  the  application  of  the  resulting  heat,  mth 

I  jttsfc  dcscnbed.    For  this  purpose,  we  will  suppose  that  the  fuel 

[it  in  a  furnace  having  a  height  of  80  feet.    The  result  of  several 

satii^ed  me  that  almost  all  traces  of  carbonic  acid  disappear 

I  a  foot  or  two  of  the  level  of  the  tuyeres:  we  may  therefore  infer 

,  in  the  absence  of  any  subsequent  change,  the  whule  of  the  carbon 

|lt  at  thtj  hearth  wuuld  be  given  off  at  the  throat  as  carbonic 

Imagine  such  a  furnace  filled  with  coke,  along  with  a  neutral 

Eioe  such  as  slag,  not  liable  to  any  chemical  change.     Fire  is, 

nicated  below,  and  the  blast  applied.     Combustion  rapidly  i 

ad  the  gases,  as  they  arrive  at  the  top,  soon  become  seiisibi 


'  Cb^.  Phon.  of  Iron  Sjndtjcyf,  pp.  8  und  9. 
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warmer.    Their  temperature  will  continue  to  rise  until  at  the  i 
at  which  the  furnace  is  driven,  the  refrigerating  influence  of  i 
cold  materials,  as  they  enter,  establishes  a  position  of  heat  equilib 
and  the  mean  temperature  of  the  gases  will  then  remain 
It  is  easy  to  note  the  time  when  this  occurs,  and  to  observe  the  i 
quantity  of  coke  which  has  been  burnt  between  this  epoch  and  thitij 
which  the  blast  was  laid  on.    The  number  of  heat  units  evolved  I 
burning  this  weight  of  coke  is  easily  computed,  and  along  with  it  i 
weight  of  gases  which  has  been  generated  by  its  combustion, 
mean  temperature  of  these  gases  ha^^ng  been  noted,  we  can 
with  tolerable  nicety  the  quantity  of  heat  they  are  carrying  away  i 
them.*    The  difference  between  the  two  sets  of  figures  represents  I 
quantity  of  heat  intercepted  by  the  incoming  materials.    The 
of  this  difference  I  ascertained  upon  two  occasions,  when  blowing  i 
fumace,^  and  found  it  to  be  such  that,  for  every  calorie  orig 
evolved  in  the  hearth  by  the  direct  combustion  of  the  ftiel, 
calories  were  brought  back  thither  by  the  materials  descending  i 
the  upper  region  of  the  furnaces.     From  these  figures  we  have 
following  statement  of  the  heat  development  in  the  hearth,  per  unite 
carbon  consumed  therein  : — 

HMtoaoffta. 

One  unit  of  carbon  burnt  at  the  hearth  to  carbonic  oxide 

pve«  2,400 

Heat  imparted  to  the  gases  by  tlio  combustion  of  preceding 
units  of  carbon,  which  heat  being  intercepted  by  the 
descending  materiabs  is  returned  to  the  hearth,  in  the 
ratio  g^ven  above,  \'iz.  2*33  to  1,  and  gives       6,592 


Together        ...    7,992 

Practically  therefore  the  combustion  of  a  unit  of  carbon  burnt  to- 
carbonic  oxide  in  a  blast  furnace  of  80  feet  gives  nearly  as  good  tt- 
effective  result,  although  it  evolves  only  2,400  calories^  as  the  simi- 
quantity  of  carbon  burnt  to  carbonic  acid  in  a  low  fire  although  inihl 
latter  ca^e  8,000  calories  per  unit  of  carbon  are  generated.  Theie  ii 
however  this  marked  difference  between  the  two  examples,  that  wheras 

^  Certain  disturbing  influences  must  be  taken  into  the  acconnt,  bat  they  Mil 
not  be  considered  at  the  present  moment. 

s  Chem.  Phen.  of  Iron  Smelting,  p.  293* 
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I  7,9112  heat  units  referred  to  in  the  case  of  the  blast  furnace  are 

t.  all  useMly  employed,  a  very  large  proportion  of  the  8,000 
d  in  the  low  hearth  escapes  into  the  air  unutilized.  In  the  low 
i  esrpenenoe  tells  us,  there  is  un  enormous  waste  of  heat,  which  ia 
I  Tisible  in  the  flame  and  incandescence  at  the  surface  of  the  fnel* 
e  other  hand,  in  a  blast  furnace  of  80  feet,  the  myteriols  are,  it  is 
fUft,  red  hot,  for  more  than  50  feet  above  the  hearth;  but  the  upper 
Rboe  of  the  materials,  inetead  of  being  red  hot,  exhibit  little  or  no 
Ipii  of  incandeBeence,  proving  a  comparative  freedom  fmm  waste  due 
cause. 
litherto,  in  considering  the  behavidur  of  the  blast  fornace,  regard 
ily  been  paid  to  it«  power  of  rutsiug  the  temj>erature  of  any  sub- 
!  exposed  to  its  action*  But  the  doty  of  the  blast  furnace  is  of  a 
hfold  kind:  it  has  of  oonrBc  to  fuse  €%'ery  non-volatihzed  substance 
Ibich  enters  it,  but,  before  this  is  done,  it  has  also  a  chemical  function 
idificharge^  viz.  the  redaction  of  the  ore.  This  duty  is  also  admirably 
tied,  as  will  be  perceived  on  a  short  consideration  of  its  nature, 
as  it  is  by  means  of  carbonic  oxide  gas.  Although  an  oxide 
I  is  easily  redticed  by  solid  heated  cai^bon,  it  is  greatly  to  be  pre- 
,  for  reasons  which  will  be  explained  in  detail,  that  the  deoxida- 
I  should  be  performed  by  carbonic  oxide;  and  therefore  by  carbon 
in  this  case,  by  its  combustion  at  tlie  tuyeres,  has  Eilready 

^  valuable  service  in  melting  the  slag  and  iron. 

►  wder  to  enable  the  reducing  gas  (CO)  to  perform  its  office,  an 

team  of  temperature  is  necessary*     For  the  removal  of  the  first 

M  at  least  of  the  oxygen  in  the  ore,  a  very  moderate  beat  suffices — 

Ft  (215^  C.)  being  enough  for  the  purpose;  but  at  anything  below 

^  red  heat  reduction  goes  on  slowly.    The  effect  of  the  action  upon 

I  iteelf,  ig  it5  conversion  from  carbonic  oxide  (CO)  into  carbonic 

MOO|)-^a  change  effected,  as  will  be  seen  fix>m  the  symbols,  by  the 

"l^tioii  by  the  carbon  of  an  additional  equivalent  of  oxygen,  derived 

'i^rom  the  ore,  CO  +  0  ^  CO^. 

«  met  nejj  i-pown  to  chemists  that  reduced  iron  in  its  spongy 

"I  heated  in  the  presence  of  oxygen,  unites  readily  with  this 

U  Bift  ^  strong  is  the  affinity  between  the  two  substances 

J,  '^^  wnditionB,  iron  in  this  form  is  capable  of  splitting 

^^/cfioid  produced  from  its  own  previous  reduction  by 
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means  of  carbonic  oxide.    The  conditions  for  this  reversed  action 
dependent  on  diflferences  of  heat;  the  power  of  carbonic  add  to 
iron  increasing,  at  certain  temperatures,  more  rapidly  than  doeitl 
reducing  power  of  carbonic  oxide.    Hence,  when  certain  miztnni 
the  two  gases  are  passed  over  oxide  of  iron  at  certain  tern] 
reduction  is  suspended.    As  an  example  it  was  found  impoaobk  I 
obtain  metallic  iron  when, 

1*5  vols,  of  carb.  acid  were  added  to  1  voL  of  carb.  oxide,  the  heat  being  a  low  ifi 
*47  do.  do.  1  do.  do.  fnllifi 

'11  do.  do.  1  do.  do.  approacUng 

Further  trials  were  made  with  the  two  gases  in  equal  ToluineH^  ftl 
mixture  being  passed  over  spongy  iron,  and  over  peroxide  otmmd 
white  heat.    The  metal  was  oxidized  to  the  condition  of  protool 
(FeO)  and  the  peroxide  (FejOs)  was  found  to  have  lost  exactly  as 
of  its  oxygen  as  brought  it  down  to  the  same  state  of  comUnatioi 
(FeO)  as  the  other  had  attained,  when  it  ceased  to  absorb  more  of  il* 
gas. 

With  a  natural  law  such  as  that  demonstrated  by  the  leBnlts  a 
these  experiments,  it  is  easy  to  imagine  what  must  be  the  6to  d 
ore  thrown  into  a  low  fire.  It  speedily  reaches  a  point  when  tt^ 
temperature,  and  the  proportion  of  carbonic  acid  to  carbonic  anin^j 
are  such  as  to  render  reduction  of  the  whole  of  the  oxide  of  ins 
physically  impossible.  Or,  even  admitting  the  gases  at  the  pcHOtW 
question  to  possess  a  deoxidizing  power,  under  other  conditsoMC 
sufficient  for  complete  reduction,  that  power  is  so  diminished  1| 
intensity,  and  therefore  in  rapidity  of  action,  by  the  presence  of  it" 
tensely  heated  carbonic  acid,  that  fusion  of  the  earths  and  slagging  of 
the  iron  oxide  become  inevitable. 

By  a  parity  of  reasoning,  it  is  difficult  to  see  how  the  direct  prooMb 
as  carried  on  in  a  reverberatory  furnace,  with  an  intensely  heiM 
atmosphere  containing  a  large  quantity  of  carbonic  acid,  can  be  m 
tirely  satisfactory,  so  far  as  an  approach  even  to  complete  reductioiii 
concerned.  Against  the  advantage  of  a  saturated  oxidation  of  lljl 
fuel,  more  or  less  complete  in  its  cHaracter,  has  to  be  placed  the  losse 
heat  which  takes  place  at  the  chunney  of  an  ordinary  fiimace,  or  in  tb 
producers  employed  for  generating  the  gas  used  in  Siemens*  ftimaoi 
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also  in  the  latter  case,  of  the  heat  which  csfmpee  interception  iu 

eneratoHB*    The  sum  of  the«e  two  sources  of  waste  is  such  as  to 

ire  are  told,  the  actual  work  performed  in  a  common  rever- 

ory  fiimaoe  Uj  onJj  10  per  cent.,  and  in  the  regenerative  furnace 

t  than  25  per  cent.,  of  the  full  heating  power  of  the  fael  employed* 

ItiBt  however  bo  borne  in  mind,  as  a  circumstance  ia  their  favour, 

\  iheae  descriptions  of  furnace  employ  raw  coal  and  not  coke ;  and 

that  the  dnty  required  to  reduce  iron,  and  raise  it  to  the  wel- 

[  heat,  is  considembly  less  than  that  required  to  fuse  pig  iron  mixed 

1  nearly  one  and  a  half  times  its  weight  of  slag.    This  makes  it 

It  to  compare  the  two  operations,  with  any  close  approximation 

curacy,  in  the  matter  of  consumption  of  ftiel;  but  there  is  no  doubt 

the  effect  of  the  whole  of  the  carbon  being  bnnit,  in  the  rever- 

ory  furnace,  to  the  state  of  carbonic  acid — the  point  upon  which 

dperiority  in  the  evolution  of  heat  depends — must,  for  the  reasons 

dgned,  materially  interfere  with  the  reductit  ju  of  the  metal. 

i  Ibe  blast  fnmace,  the  fuel  no  doubt  is  imperftctly  burnt,  that  ia 

i  br  firom  being  entirely  converted  into  carbonic  acid,  but  with  each 

Dpanying  advantages  as  to  be,  in  other  respects,  eqnal  in  beneficial 

;  to  the  most  complete  form  of  combustion.    Nor  is  this  all;  for 

i  remains,  after  the  work  of  the  blast  furnace  has  been  performed 

[  of  nsefdl  heat  in  the  waste  gases,  the  discussion  of  the  value 

rhich  will  be  most  conveniently  postponed  to  a  future  period, 

the  complete  reduction  of  the  metal  by  a  simple  enlargement 

Gftpacity  of  the  furnace,  without  any  fm-ther  cost  or  trouble,  is 

ie.    In  such  a  furnace  a  slow  and  ecoQomical  reduction  of  the 

f^ffected,  at  a  temperature  where  the  oxidizing  power  of  the 

onic  acid  i&  effectuaDy  kept  in  check,  by  the  opposing,  ur  reducing 

I  of  the  lower  oxide  of  carbon. 

laving  now  attempted  to  describe  in  general  terms  the  two  salient 

fttB  which  confer  marked  excellence  of  results  on  the  blast  l^urnace, 

ay  proceed  to  consider  more  closely  its  mtjde  of  action.     In  the 

it  of  this  enquiry  it  will  be  assumed  that  the  final  operation  of 

3,  in  the  smelting  of  iron,  is  aecouipliabed  by  the  heat  generated 

ag  the  carbon  iu  the  hearth  to  the  condition  of  carbonic  oxide. 

(icrefore  follows  that  anything  tending  to  consume  carbon  in  the 

br  Togion  of  the  ftiruace  must  be  avoided,  hecanse  it  means  that 
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there  will  remain  a  smaller  quantity  for  combnstion  where  the 
heat  is  needed,  viz.  at  the  tuyeres.  It  is  not  a  difficult  matter 
ascertain  pretty  correctly,  to  what  extent  the  carbon  in  a  blast 
is  carried  off  before  it  reaches  the  hearth.  For  this  purpose  we 
ascertain  the  quantity  of  atmospheric  oxygen  entering  the  fhmaoe 
the  tuyeres,  obtained  by  determining  the  weight  of  atmospl 
nitrogen  in  the  gases;  we  must  also  learn,  so  far  as  the  sonu 
rough  nature  of  the  operation  permits,  the  quantity  of  carbon  entOTBg] 
the  furnace,  say  for  each  20  units  of  iron  made.  Prom  these  two 
of  figures  the  carbon  oxidized  at  the  tuyeres  is  estimated.  The  foDov* 
Ing  calculation  embodies  the  figures  necessary  for  obtaining  the 
formation  just  referred  to.  The  data  are  those  furnished  by  a 
80  feet  high,  smelting  Cleveland  ironstone,  with  a  consumption  of  I 
units  of  coke  and  12*8  units  of  limestone  per  20  units  of  pig. 

The  analysis  of  the  escaping  gases  gave  the  following  results^  \ij' 
weight:^ — 

Carbon.  Oxygen.  Nitvocen. 

Carbonic  oxide  (CO)  28-2      -      1208  ...      1612  ...         — 

Carbonic  acid  (CO  J  14-9      -        4-06  ...      1084  ...         — 

Nitrogen  ...     56*9      «        —  ...—  ...  56-90 

1000  1614  26-96  66-90 

The  carbon  in  the  gases,  reckoned  on  20  units  of  iron,  is  obtained 
as  follows:— 

OsrtMm. 

Coke  used  23*5  nnits,  less  asb  and  water  2'35  »      21*15 

Limestone  nsed  12*8  units,  containing  of  carbon      1*53 

22*68 

Less  carbon  entering  into  combination  with  the  iron         ...         *60 


Carbon  carried  off  in  the  gases,  per  20  units  of  iron  prodnced  22*06 

Now  the  proportion  of  nitrogen  to  carbon  in  the  gases  has  been 
shewn  to  be  as  56*90  to  16*  14.  Hence  the  proportion  to  ol^tain  the 
nitrogen  per  20  units  of  iron,  is: — 

C  1614         :         N  56*90        : :        C  22-08         :         N  77*84 

Thus  it  has  been  shewn  that  upon  the  occasion  referred  to,  the 
22*08  units  of  cai'bon  found  in  the  gases  were  associated  with  77*84 

'  Hydrogen  and  manh  gas  are  omitted,  as  not  seriously  affecting  the  rosnlt. 
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\  of  DitrogeD.  When  however  the  gases  at  the  tuyeres  came  to  be 
i,  the  carbon  present  with  the  same  quantity  of  nitrogen  (77*84 
t)  only  amounted  to  1985  uuitg,  Bhewiug  a  disappearnnce  of  S*7S 
\  of  carbon. 

proportions  of  carbonic  oxide  and  carbonic  acid  to  nitrogeu 
ako  been  ascertained  in  the  analysis  given  aboye,  we  have  for 
20  uniU  of  iron. 

Of  c»rbonio  oxide— N  56  90    :    CO    28*2  ::  N  77*84    :    CO   88*57 
laf  cBrboiiicicid-N56*90    :    CO»  U1H ;  N  77'84   ;    CO,  20-88 

iming  to  the  carbon  burnt  at  the  tnycres,  it  is  uecessary  to 

ain  in  the  first  instance  the  full  quantity  of  carbonic  acid  capable 

fcing  generated  by  the  reduction  of  the  20  units  of  iron;  because 

[reiult  short  of  this  implies  direct  loss^  inasmuch  as  the  absence  of 

jjnic  acid  means,  either  that  carbon  has  been  the  reducing  agent, 

at  carbonic  acid,  if  formed,  has  been  afterwards  reduced  to  the 

kitioii  of  carbonic  oxide;  the  loss  being  the  same  in  both  instances. 

us  see  how  the  quantity  of  heat  evolved  by  a  unit  of  carbon  ia 

[  by  these  three  different  ways  of  acting  on  oxide  of  iron. 


Heat  Unite. 


If  the  carbon  unit  reaches  the  tuyeres  it  is  burnt  there  to 
the  conditloQ  of  carbonic  oxide— giving  off  therefore,,. 

If  the  iifcmi!  unit  af  carboti,  in  the  form  of  carbouic  nx:ide 
(C0)»  r^uce»  03tid<5  of  iron,  it  becomoa  farboiiic  actd 
(C0.)«  and,  if  it  eicii{»cs  Mt  such,  it  will  have  generated 
a  further  atuunnt  of  heat,  vix.     ...         >,,        


2^400 


5,600 

8,000 


Together     .,« 

If  on  the  other  hand  earbon  be  the  reducing  agent,  and  the 

gm»  escape  aa  earbonie  oxide,  the  heat  evoivcd  iii  ».,     2,400 

Or,  if  ourbQuic  oiide  be  the  reducing  agent,  and  the  resulting 
CBrhonic  acid  (CO,)  be  afterwards  reduced  to  the  eon* 
dition  of  carbonic  oxide  (CO),  then  wo  have  the  same 
result ;  for  the  total  heat  evolved  by  the  ec^mbustioa  of 
carbon  to  farm  carbonic  acid  is      ..,    8,000 

Jjeaik  atiKirbed  by  «ub«ct|ueat  reduction  of 

earbonic  acid  to  carbonic  oxide       . .     5,600 

=  aa  before   8,400 

The  Pig  iron  of  Clereland  is  associated  with  carbon,  silicon,  etc.  to 
Bticb  &0  extent  as  to  leave  only  aboat  18*60  units  out  of  the  20  unite 
for  pure  iron. 
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The  oxygen  combined  with  18*60  units  of  iron,  as  peroxide 
of  iron,  will,  by  oxidizing  carbonic  oxide,  the  redadjig 
agent,  form  carbonic  acid  amounting  to  21*92 

The  limestone  employed,  12*8  units  per  20  units  of  pig  iron, 

contains  of  carbonic  acid 5*68 

A  peculiar  reaction,  to  be  hereafter  described  as  carbon  im- 
pregnation, probably  g^ves  rise  to  the  formation  of 
carbonic  acid  to  the  extent,  per  20  units  of  pig,  of     ...       2*20 

Total  carbonic  acid  generated  per  20  units  of  pig  iron...     29*75 
But  the  actual  quantity  of  carbonic  acid  (CO,)  in  the  escaping 

gases,  per  20  units  of  iron,  was  only      20*88 

Shewing  a  disappearance  of  carbonic  acid  amounting  to...      9*87 

Now  the  quantity  of  carbon  required  to  reduce  9'37  unita  of 
carbonic  acid  to  carbonic  oxide  is  2'55  units;  hence,  instead  of  finding 
22'08  units  of  carbon  in  the  gases  at  the  tuyeres,  we  ought  only  to 
have  (22*08  —  2*55),  or  19-53  units. 

As  a  fact  there  were  really  found,  as  has  already  been  shewn,  IS'M 
units  per  20  of  iron,  the  samples  for  analysis  in  both  instances  hmg, 
taken  as  nearly  as  could  be  at  the  same  time.  These  two  nnmbenan 
perhaps  as  near  an  approximation  as  the  nature  of  the  case  wonUl 
lead  us  to  expect. 

The  means  of  diminishing  this  solution,  as  it  were,  of  carbon  ly 
carbonic  acid,  and  the  examination  of  the  laws  which  goyem  till 
relations  between  mixtures  of  the  two  oxides  of  carbon  (CO  and  COg) 
with  iron  ore,  are  questions  demanding  the  most  careful  attention  of  fliO 
smelter.  Had  it  happened  that  solid  carbon  acted  on  oxide  of  iron  bf 
removing  its  oxygen  at  a  lower  temperature  than  that  at  which  caifwiiio 
oxide  performs  the  same  ofBce,  it  is  probable  that  we  should  hacfB 
had  the  reduction  of  the  ore  chiefly  effected  by  the  former;  and  con- 
sequently should  have  been  compelled  to  content  ourselves  with  tbl, 
conversion  of  all  the  fiiel  into  carbonic  oxide,  and  an  evolution 
2,400  heat  units  per  unit  of  carbon;  whereas  in  reality  a  portion 
into  the  state  of  carbonic  acid,  and  affords  as  we  have  seen  8,000  radii 
per  unit  of  carbon.  Precisely  the  same  effect  would  have  been  caoiedt 
had  carbonic  acid  dissolved  carbon  at  a  lower  temperature  than  that^il 
which  carbonic  oxide  is  able  to  withdraw  oxygen  from  an  oxide  of  iroi 
Here  also  the  sole  product  of  the  combustion  of  the  coke  in  the  Ui 
furnace  would  have  been  carbonic  oxide. 

I 


■A 


PlabeJ. 

IjTAGrau  ^shewing   temperatur?:s  at  which 

carbon  ic)  anij  carboin'ic  oxtde  .' c  0 '• 

begin   to  act  on  per-oxide  of  iron  '"pe^  0^1 

and  thuse  at  whigh 

CARBCILiO    A'^iD  (CO-  BI^CjINS    T  0  AC  T    ON 
IKON  JiND    CARROIJ 


.TWrof.  a/  irhch  C.  O^  he/jfitm  to  tic^  an  Curbart' 


2hmp.  ati»^uck^C.QheginA  to  ad'OnJron/ 
Ttmp.  a^H-kiahG  bt^fins  to cut/on/FkiQ. 


Tbmp.  at/wkUik/  QO  h^gims  to  action' ]^Q.       >  ] 
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[  It  is  farther  obvious  that  the  nearer  the  teniperatiires,  at  wliich  the 
dassefi  of  reaction  just  mentioned  take  place,  the  greater  must  he 
difficziltj  of  securing  the  greatest  practicable  weight  of  carbon 

to  its  higher  state  of  oxidation* 
Having  the  importance  of  the  last  named  object  in  view — the 
lination  of  the  different  degi-ees  of  heat,  at  which  the  varioua 
are  Lable  to  occur  in  the  blast  fomace — forms  an  indiBpensable 
Bject  of  research  for  the  furnace  manager. 
Fortunately,  as  wiH  be  Been  immediately,  the  range  of  temperature, 
^IfUch  embraces  the  series  of  reactions  in  question^  is  very  oonsiderabtei 
:  over  1,100°  F.  {Gll°  COt  and  extending  from  about  400°  F. 
4**  Co  to  1,500°  F.  (815°  C.) 

The  following  is  a  general  summary  of  the  result  of  a  long  series 

[experiments  undertaken  with  the  view  to  ascertain  the  laws  affecting 

action  of  carbon  and  carbonic  oxide  on  oxide  of  iron,  and  of  car- 

nic  acid  on  carbon  and  on  metallic  iron.    At  the  same  time  it  must 

understood  that  the   numbers  given   are  liable  to  considerable 

ations,  dependent  on   the  nature  of  the  materials  employed. 

bus  some  varieties  of  ore  are  more   susceptible  of  reduction  by 

onic  oxide  than  others,  and  are  therefore  more  epeedily  reduced, 

are  differences  also  in  the  readiuess  with  which  carbonic  acid 

i  on  the  carbon  in  diflferent  kinds  of  coke.    This  want  of  uniformity 

nmportant,  because  upon  it,  as  will  be  subsequently  shewn,  practical 

inwtions  connected  with  the  use  of  the  blast  furnace  are  greatly 

"ependent* 

It  was  found  from  the  experiments  referred  to  : — 

IsW— Tha,t  tlie  action  of  carbonic  oiido  on  oxide 

of  ifou  truay  be  conKiderod  it>  begin  at  a 

temperature  of  aboul 400^  F*  (20*°  C.) 

^^^^Tliat  the  action  of  carbon  on  oxiile  of  iron 

begin*  at  a  tcmperatunj  of  ab(ju t        . . .     750^  F.  (399^  C.) 
*rd.— That  the  action  of  carbonic  acid  on  metallic 

iron  bepiui  at  about       ...         „ ,         . , .     800"  F.  (426°  C.) 
4tiu    That  the  action  of  carbonic  aoiil  on  carbon, 

at  it  eiiaU  in  hard  coke,  begins  at  about    1»500^  (816°  C\) 
<uagram,  Plate  L,  embracing  the  figures  just  given  is  inserted,  in 
*Qew  at  one  view  the  gradually  increasing  temperatiu^s  at 
^  tte  four  reactions  just  described  take  effect* 
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Let  US  suppose  a  fiirnaoe  of  such  dimensions  that  the  gases  eac&p 
at  something  above  1,500°  F.  (815^  C),  or  any  temperatore  at  whid 
ciirbonic  acid  quickly  dissolves  carbon  (CO*  +  C  =  2C0).  In  Buch  i 
case,  if  carbonic  oxide  did  reduce  any  of  the  ore,  the  resnlting  cflrbonjoi 
acid  would  bo  subsequently  converted,  in  the  manner  already  deacriliedJ 
to  carbonic  oxide.  This,  as  we  have  seen,  would  in  all  respects  hy 
the  same  in  calorific  effect,  as  if  the  carbon  itadf  had  bc«n  (k 
reducing  agent.  If  on  the  other  hand  the  temperature  of  the  reducing 
zone  were  800°  F.  (426°  C),  then  any  carbonic  acid  in  the  isiied 
gases  would  have  a  tendency  partially  to  re-oxidize  the  metallic  iren, 
or  prevent  the  reduction  of  the  ore;  and  would  thus  leave  oarixia 
to  perform  the  task  of  reduction,  which  it  commences  to  do  al  TlWf  ?• 
(399°  C.)  From  what  has  preceded  it  follows  that  the  mofit  eoonoaW 
conditions  for  working  would  be  secured,  if  the  temperature  of  fli 
entire  reducing  zone  did  not  exceed  that  point  where  the  redneliim  of 
the  ore  would  be  exclusively  effected  by  means  of  carbonic  oxidi^  wth- 
out  the  stability  of  the  resulting  carbonic  acid  being  affected 
by  metallic  iron  or  by  carbon. 

Such  lines  of  absolute  demarcation,  as  might  be  inferred  from  Hit 
four  reactions  just  described,  do  not  however  exist  in  reality,  A  poHioi 
of  the  oxide  of  iron  would  in  every  case  be  reduced,  without  the  im^ 
ing  carbonic  acid  having  time  to  return,  under  the  inflnenoe  of  thfr 
carbon,  to  the  condition  of  carbonic  oxide;  or  the  temperature  mj^ 
be  such  that  a  position  of  equilibrium  would  be  reached,  when  hiH 
a  quarter,  or  any  other  proportion  of  the  carbonic  acid  would  be  reguUrif 
acted  upon  by  the  highly  heated  carbon,  and  then  further  change  in 
this  respect  would  end. 

This  will  be  understood  by  a  reference  to  the  drawing, ,  Pig.  U 
Plate  II.,  which  represents  an  ideal  section  of  a  48  feet  furnace,  drawn 
to  a  scale  from  actual  obser\'ation  as  to  the  conditions  of  temperature. 
These  it  is  attempted  to  exhibit  by  the  mode  of  colouring;  the  intense 
heat  at  the  tuyeres  is  shewn  white,  and  passes  gradually  into  dull  red» 
and  from  this  to  black,  the  last  representing  the  absence  of  any  marked 
approach  to  incandescence.  In  such  a  furnace,  when  ore  is  shot  in  at 
the  top,  it  is  speedily  heated  to  a  point  where  deoxidation  seta 
in;  but,  long  before  this  is  completed,  the  partially  reduced  mineral 
has  reached  first  the  level  where  the  second,  then  where  the  thizd^ 


^'^iiip. 
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Dd  finally  where  the  fourth  of  the  four  above-naraed  reactions  begin 
take  effect. 

The  loss  which  results,  for  the  reasons  given,  from  the  action  of  the 
three  of  the  series,  is  not  all  the  injury  which  is  sufitained  by  the 
Ity  perfornaanoe  of  such  a  furnace  as  that  in  question ♦  The  gases 
escape  from  the  throat  at  a  very  elevated  temperattire,  tbrmiEg 
itaeif  a  very  serious  waste  of  heat  that  might  yet  do  useful  work, 
I  opportunity  afforded  to  it. 

Now  the  obvious  remedy,  for  this  last  mentioned  inconvenience  at  any 

e,  would  be  an  addition  to  the  height  of  the  fiimafc;  by  which  means 

r  heated  gaiefi»  passing  through  au  increased  height  ol  column,  would 

ite  a  better  opportunity  of  imparting  their  heat  to  the  incoming 

This  alteration  of  capacity,  however,  requires  to  be  very 

dderable,  owing  to  the  dimluishcd  rate  at  which  the  ga^es,  as  they 

,  in  temperature,  impart  their  sensible  heat  t^  bodies  cooler  than 

Ives.    In  practice,  when  smelting  Cle  veland  ironstone,  an  intTease 

t  dbont,  SO  feet  to  the  height,  with  such  other  changes  in  dimensions 

Its  raise  the  capacity  from  G,000  to  say  12,000  cubic  feet,  has  been 

I  ftxmd  sufficient  for  practical  purposes.     Such  a  furnace  is  represented 

1  Rg*  2,  Plate  IL,  drawn  also  to  scale*     In  it,  the  upper  part,  shaded 

I  Uack,  will  be  obseiTed  t<:>  occupy  a  much  larger  area  than  in  the  case  of 

1.    This  change  of  form,  as  may  be  easily  understood,   also 

Bits  a  very  much  larger  proportion  of  the  ore  to  be  reduced  under 

►  flrat  of  the  four  rcacfcionSj  namely,  that  due  to  carbonic  oxide. 

The  resulta  obtained  by  this  mere  alteration  in  the  c^nstrnction  of 

flie  ftimacse  are  such  as  to  produce  a  saving  of  nearly  30  per  cent,  in 

fte  fuel  employed.     This  important  reduction  in  the  exi^ense  of  making 

,  ligiroQ  is  due  partly  to  the  more  perfect  cooling  of  the  escaping  gases, 

ttd  partly  to  the  more  complete  oxidation  of  the  carbon  they  contain, 

a  may  be  ascertained  by  direct  observation. 

Tbe  following  figures  indicate  the  composition  of  the  gases  as  they 
«ft twi) famaoes,  one  48  feet  and  the  other  80  feet  in  height; — 


Cirbonic  add 
^boiti«Q;yide 


Funiftc*  of  48  feet  Piimic«  of  80  feci. 

PtorCeat  PerCout.    PcrCcuL  FerOttot. 


68 

12  containing  carbon    3*27 
80  do.  12S5 


57 

18  containing  c-arbon    4'91 
25  do.  1071 


Totol  carbon      16  IB        100      Total  cftrbon      15'62 
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The  following  shews  the  heat  units  evolved  in  the  two  cases: — 

Furnace  of  48  feet  FornMe  of  80  ftet 

Parte.  Caloriee.       Parte.  Oaloriee. 

Carbon  to  carb.  acid      3*27   x   8,000  «  26,160      4.-91   x   8,000  -  39,280 
Carbon  to  carb.  oxide  12-86   x   2,400  «  30,840    1071    x   2,400  -  25,704 


Total      ...     1612  57,000    1562  64,984 

Carried  off  in  100  parts  of  waste  gases        9,650  6,420 


Avulable  heat 47350  68,564 

Hence  in  the  snuillerl  ^^.^^  .  ,«,«      ,.  «««^  f  nsefnl  calories   per 

,  ^        }  47,850  -T- 16*12  carbon  -  2,937  <  *^ 

fomace  we  have  )  (  nnit  of  carbon  bamt. 

In  larger  famace  we  have  58,664 -f-15'62  do.     -»  3,749  do.        do. 

This  gives  a  pretty  close  approximation  to  the  saving  of  fuel  already 
mentioned,  viz.,  30  per  cent.^ 

Two  questions  suggest  themselves,  on  examining  the  figures  as  th^ 
are  set  forth  above: — 1st — is  it  not  possible  to  reduce  still  further  the 
loss  of  the  6,420  units,  equal  to  about  11  per  cent,  of  the  whole  heat ' 
evolved,  which  are  shewn  to  be  escaping  in  the  gases,  even  fix)m  the 
larger  fdmace?  and  2nd — cannot  the  proportion  of  the  carbon  existing 
in  the  gases  as  carbonic  add  be  increased,  and  thus  add  to  the  efficienqf 
of  the  fuel  consumed?' 

With  respect  to  the  first  of  these  two  suggestions,  the  subject  is 
one  to  which  much  attention  has  been  paid  during  the  course  of  my 
enquiries;  and  in  connection  with  which  too  little  regard  has,  in  some 
cases,  been  bestowed  on  the  scientific  considerations  affecting  die 
process.  As  soon  as  it  had  been  demonstrated  that  increasing  the  ' 
capacity  of  the  furnace  from  6,000  to  12,000  cubic  feet,  and  raifflng 
the  height  from  50  to  80  feet,  had  been  attended  with  so  marked* 
saving  in  fuel,  it  was  expected,  not  perhaps  that  there  was  no  limit  to 
a  useful  enlargement,  but  that  the  dimensions  just  given  stiU 
permitted  a  much  further  increase,  before  reaching  a  point  where  eodi 
increase  ceased  to  be  profitable.  Although  as  early  as  1869  I  bad 
shewn  that  a  furnace  80  feet  high,  but  with  a  capacity  of  nearly  25,00O 

*  At  present  the  heat  hroaght  into  the  accoant  by  the  hot  blast  is  neglected. 

'  It  may  also  be  remarked  that  the  temperature  of  the  escaping  gases  is  aflect^^ 
more  or  less,  by  the  warmth  of  the  ironstone  as  drawn  from  the  calcining  kil^^ 
This  applies  to  both  furnaces,  but  this  disturbing  circumstance  has  been  apprdi^' 
mately  allowed  for. 


on 


'iJiy 


TUU.'i^  o . 


(We  shewjng  coQling  of  feci  anT'iimace  Gases  hjSicreas 
i'unicuje  Cai)ajcilv 

apacity  OxbicFeet 


a*jOOO.         De^ees  Vail  800° 


30,000 


26X)00 


22^00 


Ifi^OOO 


14O00 


JAOOO 


700 


600" 


Clarence  25.497  Cubic  Peet 


Caaiimcel6,S65CuMcTccftmakiiigK?4f  -• 


Clareace  1X578  CubicTeet]iLaldiig\N?^ 


1 6(02  CvMelEec^isiti)m4^-^^K>^ 
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able  ieefe,^  emitted  its  gases  at  bs  high  a  temperature  as  one  of  half 
size,  this  did  not  prevent  ftimaoes  being  built  with  a  height  of 
lOS  feet,  and  a  capacity  of  41,000  cubic  feet,  the  object  Btated  being 
fiirtber  eoonomy  of  faeL  A  mere  glance  at  a  diagram,  Plate  III., 
at  the  date  referred  to,  is  snfficient  to  shew,  from  the  direction 
'  the  carve  in  its  lower,  and  the  want  of  further  change  in  its  upper 
how  improbable  it  was  that  any  benefit  in  the  consumption  of  fuel 
rasdlt  from  the  adoption  of  such  extniordinary  dimensions — so 
"  at  kaei  bb  a  more  perfect  cooliug  of  the  gases  w^as  concerned. 
It  may  be  asked  whether  the  fact  tliat  the  oooler  materialB  were 
retained  so  mach  longer  in  contact  with  the  heated  gases,  TJvithout 
I  Itdncing  the  temperature  of  the  latter,  might  not  have  been  occasioned 
by  the  liwger  furnaces  being  driven  so  much  harder  than  the  smaller  as 
[  neutralise  any  advantage  they  might  otherwise  have  realized.  But 
very  reverse  was  the  fact,  as  I  demonstrated  at  the  time  by 
^Qodng^  the  then  preformance  of  three  furnaces  of  various  dimensions, 
^tnate  at  the  Clarence  works,  as  compared  with  the  culossal  furnaces 
iusf  referred  to. 

The  figures  (to  which  I  have  now  added  those  of  a  fourth  Clarence 
^ibrnace)  are  as  follows. — 


-lid^ht        

Dbic  ca-imcitj 
tr«^t^  m&ke^  tons 
V^sAlj  make  per  1,000  feetl 
of  embic  eapftdtyj  tons     j 


No.  L 

48  ft. 

6,000 

220 

37 


If  0.1 

80  ft, 

12,000 

260 

22 


eoft, 

16,000 
350 


Ko.  1 
80  ft. 
25,500 
550 

21-57 


Ko,  5. 
103  ft. 
41.000 
560 

13 


JYom  this  statement  it  will  be  perceived  that  the  make  of  the  last 
aniiiad  furnace  ought  to  have  been  close  on  900  tons  per  week,  in 
Ofder  to  give  a  insult  equally  favourable,  in  point  of  production,  to 
tiiAt  aiforded  by  the  furnace  of  1G,000  cubic  feet;  whereas  in  point  of 
fiwA  it  was  only  550  tons*  It  may  be  convenient  here  to  mention  that, 
vheiieTer  it  has  Ixjen  attempted  to  bring  up  the  relative  production  of 
the  larger  furnaces  to  that  of  the  original  fm-naces  of  G,000  cubic  feet, 
Ui€  consumption  of  fuel,  as  might  be  expected,  was  immediately 
4i&gxiiented. 

t        *  Derclft^mient  of  heat  and  its  appropriation  in  fti maces  of  different  dimcmioun. 
Institute,  1869. 

I  V  of  f  nel  iij  the  Iron  Bla^t  Foitiace.    Tmnsactionii  of  Civil 

1571-7^  Part  IL 
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The  attempts  quoted  having  proved  unsuccessfol  in  Icflsening  I 
the  loss  of  heat,  owing  to  the  temperature  of  the  escaping  gases  ftdSog^ 
to  fall  below  that  which  the  enlargement  to  12,000  cubic  feetli 
effected,  it  occurred  to  me  that  the  chemical  action  which  took  pbflr 
in  the  reducing  zone  might  be  of  a  heat-producing  character;  and  tint 
to  raise  the  height  of  the  furnace  beyond  a  certain  point  merely  elevaiad. 
this  zone  of  heat  evolution.  If  so,  its  distance  from  the  final  exit  of 
the  gases  would  remain  unaltered,  and  the  power  of  the  inanniqf, 
minerals  to  absorb  heat  from  such  gases  would  not  be  increased. 

From  the  large  amount  of  heat,  evolved  by  the  generation  of 
carbonic  acid  in  the  reducing  zone,  has,  however,  to  be  deducted  thik 
required  for  dissociating,  or  tearing  away,  the  oxygen  from  the  oxHe 
of  iron.  Now  the  experiments  for  detennining  the  heat  produced  bjr 
the  combinations  of  different  substances  are  of  a  very  delicate  natoRr 
and  it  was  difficult  to  say,  with  a  narrow  margin  to  work  on,  how  fiir 
any  calculation  respecting  the  estimated  balance  between  heat  f^ 
erated  by  burning  carbonic  oxide  to  the  state  of  carbonic  acid,  and 
heat  absorbed  by  reducing  peroxide  of  iron,  might  be  affected  by 
experimental  error.  The  extent  of  the  margin  referred  to  was  known 
to  be  small,  because  the  investigations  of  the  best  authorities  went  to 
show  that  the  heat  absorbed,  in  splitting  up,  or  reducing,  peroxide  of 
iron,  was  a  little  less,  but  only  a  little  less,  than  that  generated  by  tbB 
combination  of  oxygen  with  the  carbonic  oxide  used  to  effiecfc  the 
dissociation. 

Under  such  circumstances  nothing  short  of  experiment  upon  the 
furnace  itself  could  be  regarded  as  a  satisfactory  solution  of  the  problem^  I 
and  this  I  conducted  in  the  following  way.  It  was  ascertained  that  a  | 
mixture  of  flints  and  blast  furnace  slag  had  as  nearly  as  possible  the^ 
same  specific  heat  ^  as  calcined  Cleveland  ironstone,  and  hence  that 
there  would  be  little  or  no  disappearance  of  sensible  heat  from  any 
difference  between  the  materials  in  this  respect.  The  rapidity  with 
which  the  mixture  absorbed  heat  also  corresponded  pretty  nearly  with 
that  of  the  ironstone.  The  temperature  of  the  upper  portion  of  the 
furnace  was  of  course  far  below  that  required  to  fuse  such  materials  ai 

'  That  is,  to  heat  ap  the  same  weights  to  the  same  temperature,  the  same  quantity 
of  heat  was  absorbed  in  each  case.  This  consideration  is  of  importanoe,  for  tkr 
difference  in  some  kinds  of  material  is  very  groat. 
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EnentionGcl ;  bo  that  there  would  be  an  abseaoe,  so  Ikr  as 
moerned,  of  all  chemical  action  liltely  to  affect  the  tempera- 
of  the  gases,  and  these  would  therefore  be  simply  cooled  by  the 
absorbing  properties  of  the  flints  and  slag* 
lie  ironstone  was  then  withdrawn  from  the  charges  of  a  fumaoe, 
an  eqttRl  weight  of  the  mixed  slag  and  flints  wa«  put  on  in  its 
The  mean  temperature  of  the  gases  gradually  fell,  as  the  unre- 
I  oxide  remaining  in  the  furnace  lost  its  oxygen;  and  as  soon  aa 
\  ore  was  all  deoxidized,  the  mean  temperature  remained  stationary, 
continuing  it  at  this  point  for  a  short  time,  the  use  of  the  slag 
I  flmt®  was  discontinued,  and  that  of  ironstone  resumed;  when  the 
jljiemtnre  of  the  gases  gradually  rose  until  it  reached  its  original  le?el, 
I  This  experiment  seems  conclusive  as  to  the  reducing  zone  being 
I  of  a  heat  producing  character,  and  that  in  consequence  there  was, 
supposed,  a  point  beyond  which,  for  the  reasons  ah"eady  given,  it 
aless  to  add  to  the  height  of  the  furnaces.    This  opinion  re- 
f  confirmation  from  actual  experience  in  the  case  of  the  furnaces 
\  and  103  feet  in  height;  for  it  did  not  appear  that  the  gases  left 
I  a  perceptibly  lower  mean  temperature  than  those  from  furnaces 
Teet  in  height. 
[The  other  alternative  alluded  to,  as  a  means  of  obtaining  from  the 
1  consumed  in  the  blast  furnace  an  increa^  in  the  quantity  of  useful 
heat,  onnsisted  in  n  greater  degree  of  satinntiun  of  the  giiaes  by  oxygen, 
I  Any  addition  from  this  source,  however,  must  be  obtained  by  the  action 
^the  gases  on  the  ore;  because  it  has  already  been  shewn  that  all 
Hich  the  atmospheric  oxygen  could  effect  was  the  converaion  uf  the 
^■boti  at  the  tuyeres  into  carbonic  oxide. 

^B  With  a  view  to  supply  this  increased  quantity  of  oxygen  to  the 
^■Iw  0f  a  farnace  in  good  working  order^  let  us  suppose  an 
^BtiOQal  quantity  of  ore  to  be  added.  One  of  two  things  would 
^■pca:  either  the  carbonic  oxide,  by  its  combtnatiuu  with  ihe  o\}gen 
^Btis  ore  to  form  carbonic  acid,  would  at  first  raise  the  temperature 
^Ba  contents  of  the  furnace  in  the  reducing  zone,  or  else  the  eaibunic 
^Bbv  hiivfng  fdreatly  taken  up  as  much  oxygen  as  it  was  cai>able  of 
^■q<^  would  be  unable  to  act  fn rther  on  a  fresh  supply  of  ore. 
^ppt^actically  the  effect  in  each  case  might  be  the  samt:,  Iti  the  first 
^vise  in  temiieniture  would  intensify  the  action  of  the  carbuuic  acid 


aboTe  in  describing  the  fonr  reactions, 
I  villi  tlia  proceai  of  reduction.    The  resnit  of  th 
li  m  portion  of  the  ore  woold  pass  down  through  tii 
a  put  of  its  oxygen  unexpcUed;  this  part  wop 
off  either  by  solid  carbon,  or  if  by  cart 
conditions  that  the  resulting  carbonic  acid  Lj 
.  voold,  immediately  revert  to  the  state  of  carbonk 
hand,  no  action  took  plaoe  in  the  appennori 
.  cte  cHtenic  oxide  and  the  nnreduced  ore,  owing  to  tin 
m^gUff  4f  tbis  SiRMr  to  separate  a  further  quantity  of  oxygen  tm 
|yf  im^  this  aeparation  would  have  to  be  performed  by  soHd 
'  pmwly  the  same  unfavourable  conditions  as  those  JQtfi 


hAft  boon  ouide  to  the  power  of  carbonic  oxide  to  take  wg^ 

m    A  kw  words  of  additional  explanation  on  this  ii 

anbfmA  appoazs  neoessary  for  a  perfect  understanding  of  tbi 

r»^«i.'UOQ«  for  virtually  it  is  the  key  to  the  discoveij  of 

^iy  ^aidi  economy  in  fhel  can  be  carried  in  smelting  iron. 

l  usaL  t"*  wvQM^ded  in  the  first  place,  that  it  is  quite  possible  to 

^.  iC  ojode  wholly  into  carbonic  acid  by  means  of  iron  m\ 

.if  bn  done  by  using  a  very  large  excess  of  the  latter* 

ul  Uj  our  supposing  that  in  reducing  peroxide  of  iwOi 

s  adparated  at  first  is  less  firmly  held  by  tlM 

^  ^  -oh  ar©  withdrawn  at  a  later  period  of  tbs 

i!i:oh  experiment  and  observation  entire!; 

ly  wish  to  study  in  greater  detail  the  chemiail 

it^  referred  to  the  sejjarate  Section  devoted  u> 

'^'-  subject:  here  it  may  be  stated  that  » 

.  of  oxygen  retained  by  tlie  iron,  that  it 

that  metjd  always  found  in  the  cinder  is  dofi^ 

Mil-  an  absolutely  {terfec^  separation  of  M 

.!  u  with  it. 

\^  granted  that,  having  regard  to  tbt 

^      ,:  aone  of  the  fnmace,  ani 

^LUL    1  misneceaBmlye^ablishedp 

i  bears  a  certain  pm^ioriioa  to  ths^ 

uiuntenance  of  the  coodttions  most 
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Me  for  saturating  the  carlx^nic  oxide  ^ith  oxygen,  as  far  as  the 
of  the  action  permits,  in  other  words  for  obtaining  the  highest 
te  percentage  of  cai-bonic  acid  in  the  gases,  is  perhaps  a  difficult 
It  would  indeed  be  equally  difficult  to  determine  by  actual 
tion  ^hat  is  the  maximum  ratio  which  the  carbon  aa  carbonic 
can  bear  to  the  carbon  as  carbonic  oxide;  because  the  determination 
mean  amount  of  each  in  the  gases  is  not  without  a  certain  degree 
uncertainty,  owing  to  the  circumstance  that  these  amounts  are  con- 
ly  varying,  according  to  the  time,  after  the  period  of  charging  fresh 
at  which  the  samples  are  taken.     Under  such  difficulties  as  those 
to,  the  smelter  finds  it  best  to  allow  himself  a  little  margin  in 
lel  he  suppUes  to  his  furnace ;  or,  what  amounts  to  the  same  thing, 
'Iwirthcn"  is  adjusted  with  the  view  of  producing  No.  3  iron,  he 
prepared  for  having  sometimes  a  higher  and  sometimes  a  lower 
goality  than  the  one  he  aims  at  obtaining. 

Were  it  required  to  name  a  limit  beyond  which  it  would  be  imprac- 
lie,  if  not  impossible,  to  carry  the  mean  saturation  with  oxygen 
gases  of  a  blast  furnace,  the  answer  probably  would  be — When 
two  compounds  of  carbon  and  oxygen  contain  an  equal  quantity  of 
lU.  This  happens  when,  out  of  three  e<:|uivoknts  of  carbonic 
,  one  has  been  converted  into  carbonic  acid,  leaving  the  remaining 
tto  tmchanged  (€0^  +  2C0).  We  shall  however  see  later  that 
ttui  is  a  degree  of  oxidation  of  the  gases  rarely,  it  may  be  doubted 
if  ever,  attained  in  actual  practice — at  all  events  through  auy 
le  length  of  time. 
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SECTION   VI. 


ON  THE  USE  AND  THEORY  OF  THE  HOT  BLAST, 

In  the  Section  immediately  preceding  the  present,  it  has  been  Bhewi 
that  the  heat  produced  in  a  blast  farnace  is  that  caused,  in  the  Art 
place  by  burning  all  the  carbon  to  carbonic  oxide,  and  in  the  seooni 
place  by  converting  something  like  one-third  of  such  carbonic  oxidB 
into  carbonic  acid.  Unavoidable  losses  of  the  heat  so  evolved,  an 
occasioned  by  some  minor  sources  of  escape  and  by  the  temperatan 
at  which  the  gases  are  necessarily  permitted  to  leave  the  throat.  The 
balance  between  the  heat  evolved  and  the  heat  so  lost  is  what  is  actoaOy 
expended  in  the  operation  itself. 

If  the  heat  absorbed  by  the  general  requirements  of  a  furnace 
were  such  as  could  be  supplied  by  the  combustion  of  a  quantity  of 
fuel,  which  would  permit  the  gases  to  escape  fully  oxidized  and  cooled, 
so  far  as  is  shewn  in  the  last  Section  to  be  possible,  then  all  the  ooor 
ditions  necessary  for  a  complete  utilization  of  the  heating  power  of  tte 
fuel,  consistent  with  the  nature  of  the  process,  would  have  been  second. 
A  different  state  of  things  however  might  obtain.  A  proportion 
of  say  20  units  of  carbon  per  20  units  of  iron  made,  might  suffice  in 
the  furnace,  so  far  as  reduction  is  coucerned,  supposing  a  little  aboive 
6  units  should  escape  as  carbonic  acid,  and  a  little  under  14  units  ai 
carbonic  oxide;  but  the  heat  evolved  by  the  combustion  of  the  20 
units,  might  be  insufficient  to  melt  the  iron  and  slag,  and  provide 
for  other  minor  causes  of  absorption.  If  we  assume  that  24  units  of 
carbon,  burnt  to  carbonic  oxide,  would  suffice  for  the  general  require- 
ments of  the  operation,  it  is  clear  we  might  add  the  heat  represented 
by  the  4  units  of  carbon  by  a  direct  introduction  of  heat  at  the  hearth» 
without  in  any  way  interfering  with  the  proper  relation  which  the 
carbonic  acid  and  carbonic  oxide  must  bear  to  each  other  in  the  zoQO 
of  reduction. 
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The  addition  of  this  heat  is  performed  hv  means  of  the  hot  blast : 
dttuer  words  the  chemical  compositi-nj  of  the  ga.ses  is  still  retained, 
■heypoBnoa  &  powerfully  reducing  octiou  on  oxide  of  iron,  while 
B  temperature  ia  raised  by  the  amount  of  heat  which  is  com- 
Bcated  to  the  air  employed  in  barniug  the  fuel. 
^biis  important  discovery  was  originally  applied  by  Neilson  under 
Kcircam'stances,  as  to  make  it  appear  that  the  heat  of  a  unit  of 
HQ,  burnt  outside  the  furnace  and  convoyed  into  the  hearth  by  the 
^L  was  many  times  more  efficacious  than  that  of  a  unit  of  carbon 
Ht  in  the  interior.  This  appeared  the  more  marTcllouft  seeing  that, 
Hogh  the  coal  consumed  at  t!ie  hot  blast  pii>e3  was  fully  burnt,  i>. 
Hrt>onic  acid,  yet  not  abuve  25  per  cent,  of  the  heat  it  produced 
^■Uy  reached  the  tuyeres ;  the  remainder  being  lost  at  the  stove 
BneySi  by  radiation,  etc.  Many  explanations  were  propuunded  to 
Hnat  for  the  seeming  anomaly;  but  with  these  we  need  nut  trouble 
^kves  at  any  great  length,  for  the  mode  of  action  of  the  hot  blast, 
H^  as  it  appears  to  me,  in  ideality  difficult  to  nudorstand. 
^Before  entering  upon  this  explanation,  it  may  te  well  to  dispose  of 
Hrileged  saving  of  3  tons  of  coal  f)er  ton  of  iron,  stated  as  having 
H  effected  at  Donlop  and  Oo/s  works^  at  the  period  of  the  fir^t 
Htdnction  of  the  use  of  heated  air  some  50  years  ago,  by  merely 
Bbg  the  blast  to  615°  F.  (824°  C.)  Commercially  no  doubt  this  was 
■kcUy  correct;  scientifically  it  is  simply  misleading.  As  a  matter  of 
Hibe  coke  naed  in  smelting  the  ton  of  iron  at  the  Clyde  works  was 
Hoed  from  60  to  40  cwts.,  the  exc^ess  of  gain  beyond  this  being 
Hsented  by  the  wasteful  mode  of  coking  in  the  open  air,  aud  by  a 
Hl^  consumption  at  the  steam  engines  due  to  the  smaller  make. 
^■it  was  not  to  be  denied  that  a  saviug  of  20  cwts.  of  coke,  by 
^nilg  as  amount  of  heat,  contained  iti  the  blast,  represented  by  the 
^Hpiantity  capable  of  being  developed  out  of  2  or  3  cwts.  of  coal, 
HralBciently  astounding. 

HTbe  French,  alive  then  as  they  are  now  to  the  iroportance  of  every 
^■ovement  in  iron  making,  sent  over  JiL  Dufrcuoy  to  ascertain  the 
Bbof  the  recommendations  urged  in  favour  of  heating  the  blast;  aud 
Bis  work,  published  in  1834,  he  mentions  the  circumstance  that,  while 
Kuts.  of  coke  f)er  ton  of  iron  were  saved  in  Scotlaud,  only  18  cwts. 
Kami  to  be  the  saving  in  Wales,     Either  of  these  quantities  justified 
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its  introdaction  into  France,  which  laboured  under  the  dfsadvaiitagi^ 
dear  fuel ;  but  great  must  have  been  the  surprise  of  the  owners  otd 
Torteron  works  in  that  country,  when  they  found  their  saving  li 
only  6  cwts.,  or  about  half  of  the  lesser  quantity  just  named. 

Former  attempts  to  explain  the  action  of  the  hot  blast  were  chie% 
based  on  some  supposed  dififcrence  in  the  nature  of  the  combufitidii 
caused  by  the  preliminary  heating  of  the  air ;  but  I  have  been  mutt 
to  find  any  analysis  of  the  gases  at  the  hearth,  undertaken  with  a  viei 
to  determine  this  question.  The  actual  heat  itself,  delivered  into  tfai 
furnace  with  the  blast,  could  not,  I  apprehend,  be  expected  to  perform  i 
higher  rate  of  duty  than  that  obtained  from  any  other  source,  althon^ 
this  effect  has  actually  been  claimed  as  a  consequence  of  Neilson'i 
discovery. 

With  respect  to  the  three  figures  of  20,  13,  and  6  cwts.,  just  given 
as  the  respective  savings  of  fuel  in  Scotland,  Wales,  and  France,  it 
ought  to  be  mentioned  that  in  the  last  two  instances  the  actual  oon- 
sumption  of  fuel,  before  the  air  was  heated,  was  considerably  less  thai 
what  it  was  in  Scotland,  where  the  economy  in  fuel  effected  by  tiii 
means  was  the  greatest.  It  must  further  be  observed  that  tiii 
difference  in  the  quantity  of  fuel  consumed  was  independent  of  airf 
difference  in  the  size  of  the  furnace,  or  in  the  richness  of  the  minenh 
in  use,  which  resembled  each  other  in  the  three  localities. 

In  the  last  Section  attention  was  drawn  to  the  importance  of  haviog 
the  reduction  of  the  ore  effected  by  carbonic  oxide,  for  reasons  whid 
need  not  be  repeated ;  and  it  was  shown  how  this  end  was  promoted 
by  the  use  of  enlarged  furnaces.  Let  us  now  take  the  case  of  two 
furnaces  of  equal  capacity,  each  fed  with  a  different  kind  of  ironstonCi 
and  driven  at  exactly  the  same  speed.  If  both  varieties  of  ore  luBt 
their  oxygen  at  the  same  rate,  reduction  in  each  case  would  be  per- 
formed in  the  same  way,  so  far  as  regards  its  being  effected  by  carboo 
or  carbonic  oxide.  If  on  the  other  hand  one  of  the  ores  were  much  te 
susceptible  than  the  other  to  the  infiuence  of  the  deoxidizing  agencji^ 
work  in  the  higher  zone  of  the  furnace,  then  in  any  given  time  a  larger 
proportion  of  such  ore  would  descend  unreduced  into  that  region,  whert 
reduction  would  necessarily  have  to  be  carried  on  by  solid  carbon,  and 
would  therefore  be  accompanied  by  a  waste  of  fuel,  in  the  manner 
already  explained. 
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h  further  illustration  of  the  loss  arising  from  a  diminution  in  the 

ntitj  of  carbon  escaping  aa  carbonic  acid,  in  relation  to  the  iroif 

doced,  let  as  assume  the  case  of  an  easily  reducible  ore,  the  heat 

quirements  of  which  may  be  estimated  at  J>6,000  calories  per  20  units 

ffig  iron  produced. 

If  in  such  a  case  we  have  6  units  of  carbon  per  20  units  of  iron  in 

I  as  carbonic  add,  we  should  have : — 

Cftlorl«L 
Thee        6  units  of  carbon  x  8,000  calories^         ...  =-   49,000 

LflMing  20      V         ,»  to  cacapc  as  ctirbonic  oxide,  burnt  I         ^q  f^yi 

with  air  at  0°  C.  x  2,400    .J  *  ^"^ 


Total  26 


iimking  together  the 


96,000 


iDdoded  in  these  96,000  calories  we  may  assume  12,000  to  be  carried 
[p  the  escaping  gasea. 

OS  now  suppose  that  another  vaiiety  of  ore,  resembling  the 

i  one  in  everything  but  in  readiness  with  which  it  piurts  with  its 

en,  to  be  treated  in  a  fnrnaoe  of  the  same  capacity  as  that  used  in 

Iformer  case.    As  a  consequence,  it  m  assumed  that  by  the  time  it 

r  reduced,  a  zone  of  the  furnace  is  reached  of  such  a  temperature 

carbonic  add  is  immediately  decomposed  by  heated  carbon. 

Qg  that  we  have  now  only  3  units  of  carbon  per  20  units  of  pig 

leicaping  as  carbonic  acid,  the  account  will  stand  thus: — 

OUoriii. 
The  3  units  of  carbon  as  ciLrbonic  acid  x  8,000  ...     -  24^000 

Lmnxig  dO     „  ^  „         oxidc»  burnt  with  air ) 


at  0^  €►,  to  |irovide  the 
remainder  x  2^400 


72JDQO 


Total  38     n  »        making   ...  <         .,.        ..,  96,000 

1  The  difference,  viz.  7  units  of  carbon,  is  not  however  the  futJ 

of  the  loss;  because  not  only,  as  will  presently  appear,  is  the 

t  of  escaping  gas  much  larger  than  in  the  former  instance,  but  it 

ried  off  less  perfectly  cooled  than  took  place  when  smelting  the 

sredadble  ore.    It  might  therefore  easily  happen  that  1  ^  to  2  units 

el  might  disappear  in  this  way,  bringing  up  the  difference  to  nearly 

'  a  ton  of  coke  per  ton  of  iron— and  all  owing  to  there  being  a 

I  of  S  units  of  carbon  as  carbonic  acid  in  the  gases. 

Feorroctncas  of  this  surmise  respecting  difiTercnces  in  reductibility 

I  proved  by  a  series  of  experiments  on  artificially  prepared  oxides, 
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and  on  natural  ores;  the  full  details  of  which  have  been  explained 
elsewhere.^  The  former  were  expressly  made  with  a  view  to  obtain 
substances  likely  to  be  reduced  with  varying  degrees  of  rapidity;  and 
among  other  trials  they  were  tested  to  see  if  there  were  any  difiernioai 
in  the  temperature  at  which  reduction  by  carbonic  oxide  commenoed 
on  different  specimens.    The  following  are  the  results  then  obtained:— 

Redaction  Marked 

Peroeptible. 


Pure  precipitated  peroxide  of  iron  merely 

drieil  285'' F.  (140°  C.)    300^^(149^0.) 

Peroxide  from  calcined  nitrate  of  iron, 

mnch  more  compact  than  previous 

specimen       293°  F.  (145°  C.)    310*  P.  (154°  C.) 

Peroxide  from  sulphate  of  iron,  calcined 

at  a  higher  temperature,  still  more 

compact        407°  F.  (208°  C.)    420°  P.  (215°  C.) 

Three  ores,  all  with  the  iron  in  the  state  of  peroxide,  were  aftenraidi 
enclosed  in  a  vessel  containing  pure  carbonic  oxide  and  maintained  fir 
seven  hours  at  a  temperature  of  770^  F.  (410^  C.)  The  results  vae 
as  under : —  | 

P«rCent  of  1 

its  Oricinal  OzjfML  j 

Cleveland  calcined  ironstone  lost      20*7 

Spathose  calcined  ironstone  lost        28*4 

Raw  Lancashire  hematite  lost  57*4 

Such  variations  in  susceptibility  to  reduction  by  carbonic  oxide,  i* 
those  just  enumerated,  justify  the  supposition  that  a  larger  quantii;y' 
of  fuel  may  be  expended  in  smelting  Cleveland  than  is  consumed  iH 
the  treatment  of  Lancashire  ore.  In  both  cases  the  furnace  emplojedl 
is  regarded  as  having  the  same  capacity,  which  is  moreover  considenl 
as  being  insufficient  for  economical  working.  In  the  furnace  workinS' 
Cleveland  stone — the  less  reducible  of  the  two  ores — more  oxide  of  in** 
arrives  at  a  zone  where  deoxidation  is  effected  by  carbon,  thus  caiuin^ 
a  greater  waste  of  fuel  in  the  manner  already  described. 

In  what  way,  it  may  be  asked,  can  the  heating  of  the  blast  prodnfl^ 
an  effect,  resembling  in  character  that  consequent  upon  an  enlargenM^ 
of  the  furnace?  To  answer  this,  let  us  assume  that  in  a  furnace  of  tke 
olden  type,  say  50  feet  high  and  containing  0,000  cubic  feet,  Uoro 

*  Chemical  Phenomena  of  Iron  Smelting. 
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K  air  at  82**  F.  (0"'  C»)i  35  cwts,  of  carbon  per  ton  of  iron  was 
it  at  tliG  tuyeres,  while  in  another^  driven  with  air  at  snch  a  tern* 
ture  that  IfsOOO  heat  unite  per  ton  of  iron  entered  the  furnace  with 
Ibe  blast,  only  25  cwts.  of  carbon  was  conanmed  in  the  hearth. 

kThe  heat  development  in  the  cold  blast  furnace  at  the  tuyeres, 
m  aybonic  oxide  only  is  generated,  would  be  ^5  x  2,400  =  84,000 
t& 


I  Tbe  heal  dc%*cIopnieiit,  also  at  the  tiijGre-9,  ^"ith  liot  air  isi  25  k  2,400 
|Add  heat  iti  tlie  blii»t  ,,-  

T«7tal 


OftlorleA. 

=  60,CXX> 

15,000 

75^000  unit*. 


Bat  the  rolume  of  gases  conveying  throngh  the  materials  the 

IpOOO  calories  pixxluced  by  the  cold  air  is  40  per  cent,  larger  than 

*  which  is  the  vehicle  of  the  75,000  nnits  produced  by  the  hot  air. 

It  is  therefore  certain  that  the  retarded  rate,  at  which  the  g^ases 

UBt  pass  upwards  in  the  latter  instance,  will  enable  them  to  imjiart 

llttrger  quantity  of  their  sensible  heat  to  the  cold  materials,  and  will 

(Turd  the  cjirbonic  oxide  a  coiTespondiogly  longer  time  to  act  on  the 

fe,  than  can  be  the  case  with  the  larger  volume. 

AU  doubt  as  to  the  correctness  of  this  explanation  may  be  regarded 

I  cHsiJelled  by  the  experience  gained  at  a  work  Monging  to  Earl 

Bnmnlle,  by  whose  courtesy  and  that  of  his  then  manager  Mr.  Horton 

[obtained  the  fullest  information.     At  the  funmces  therCj  prolonged 

of  the  solids  to  the  gases  was  obtained,  not  by  diminishiug 

B  volume  of  the  latter,  but  by  increasing  the  height  of  the  furnace  to 

I  .feet  J  when  precisely  the  same  economy  of  fuel  was  obtained  with 

fit  in  the  cjilarged  furnaces,  as  if  heated  air  had  been  used  in 

I^of  the  older  type,  say  of  0,000  cubic  feet  capacity. 

The  figures  illustrating  the  results  obtaioed  by  the  lise  of  furnaces 

ent  dimensions,  and  by  the  use  of  hot  and  cold  air,  are  so 

|With  information  bearing  upon  the  present  question,  that 

to  be  repeated.    One  ton  of  mt-tal  was  made,  at  the 

iisihment  referred  to,  under  the  following  conditions: — 


CM  bkut  in  a  aawXl  f  urnacej  of  say  50  feet,  with  about 
Hot  bk«t  in  a  mudl  furnace  i      •  u    i 

Cold  lila«i  itt  an  eulaf^^d  furnace  i 


Vvu.  of  Ooke. 
...     40i 
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But  even  28^^  cwts.  of  coke  represent  a  quantity  of  carbon,  ib 
which  there  is  so  great  an  excess  of  carbonic  oxide,  as  oompaied  witb^ 
the  carbonic  acid  in  the  gases,  that  a  large  portion  of  carbon  may  W 
witlidrawn,  and  heat  in  the  blast  substituted  in  its  room,  without 
injuriously  impairing  their  reducing  energy.  To  effect  this  howe^ 
the  reducing  gas  must  have  an  extension  of  time  to  perform  the  woik, 
and  this  is  done  by  an  enlargement  of  the  hot  blast  furnace,  say  to  ^ 
12,000  cubic  feet  capacity,  or  80  feet  in  height  instead  of  50  feeL 

Taking  the  coke  consumed  in  the  enlarged  cold  blast  furnace,  (r 
28J  cwts.,  as  being  the  weight  required  to  furnish  the  needful  heit^ 
when  burnt  with  cold  blast,  we  have  the  following  figures  illustration 
the  use  of  heated  air  : — 

Owta.     Cvto. 

Coke  required  in  an  enlarged  cold  blast  furnace,  per  ton  of  pig  28*250 

From  which  deduct  — 
Heat  in  hot  blast,  represented  in  coke  burnt  to  carb.  oxide. . .     5*405^ 
Saving  in  heat  escaping  with  gases,  due  to  their  volume 

being  lessened,  represented  by  coke  burnt  to  carb.  oxide      *165 

5-670 

Leaving        22*680 

Now  this  weight,  viz.  22*68  cwts.,  is  a  very  common  weight  of  oote 
used  for  a  ton  of  iron,  in  a  hot  blast  furnace  of  the  above  descriptioD. 

Let  it  therefore  be  remembered  that,  in  two  of  the  cases  jiut 
described,  hot  air  and  increased  capacity  of  furnace  mean  one  and  tlifr 
same  thing.  This  analogy  holds  good  under  circumstances  of  ft 
different  order.  In  the  hot  blast  furnace  of  G,000  cubic  feet  capacity* 
the  air  may  be  considered  as  having  been  heated  to  about  1,000®  ?► 
(538°  C);  but  when  the  temperature  was  raised,  by  means  of  fire  hide 
stoves,  to  about  1,400°  F.  (700°  C),  and  this  was  applied  to  a  fnnUM» 
of  7,500  cubic  feet,  the  consumption  of  fuel  was  the  same  as  that  in  s 
fnmace  of  about  11,500  cubic  feet  blown  with  air  at  1,000°  P.  (588*0.) 

In  considering  the  application  of  the  hot  blast,  the  same  kind  oT 
question  suggests  itself  as  that  which  presented  itself  upon  the  oocaflioD 
of  dealing  with  tlie  capacity  of  the  furnace — ^viz.  to  what  point  wiDit 
be  i)rofitablc  to  increase  the  temperature. 

'  This  assumes  about  12,000  heat  units  to  be  communicated  by  meuw  of  thablti^ 
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■Much  diVerfsity  of  opinion  has  prevailed  wtfh  re«i>eut  to  this  Tcrj 
Pwesttng  problem.  Some  formerly  held  that  each  fiucc^^ssive  adih- 
pn  of  heat  would  be  attended  with  the  same  savinj[r  as  those  preceding 
fVom  this  opinion  I  have  always  dissented*  for  reaeoni!  which  we 
I  now  proceed  to  consider* 

rednction  of  the  ore  and  carbon  deposition  arising  from  dia- 

ition  of  carbonic  oxide  limit  the  carbon  eacaping  as  carbonic  acid 

I  a  Cleveland  fiirtiace  to  G*58  nnits  per  20  units  of  pig  iron.     The 

L  why  any  reduction  in  this  quantity  is  attended  with  a  great 

I  of  heat  needs,  after  what  has  been  said,  no  further  explanation. 

owever  we  have  to  accept  as  a  law,  the  statement  that  it  is  im- 

to  have  more  than  one-third  uf  the  carbon  in  the  escaping 

I  folly  oxidized,  it  follows  that  we  must  liave  twice  as  much  in  the 

I  of  the  lower  oxide,  making  in  all  therefore  19*74  units. 

f  The  actual  weieht  of  coke  required  to  produce  the  result  just 

[  to  is  obtained  as  follows : — 


1  in  gftic*  mfi  carliotilc  ftcid  6'5S  and  tui  carbonic  ox\de  1316 
1  to  combine  with  the  iron 


iDeikei  drbon  m  the  UineBtoiic  saj 


19'74 
•60 

30-34 
I  54 


18-80 


This  weight  of  cjirbon  (18'80)  may  be  considered  as  equal  to  20*20 
[ttikt.     It  rarely  happens,  though,  that   each  unit  of  carbon  as 
uc  acid  is  accompanied  with  less  than  2' 2  units,  instead  of  2*0 
p%  aB  carlK>nic  oxide.    Hence  to  preserve  the  full  eriuivaleut  of  this 
«d  (Ci'SS)  as  carbonic  acid,   U'47  units  must  be  present  na 
m  oxide.    Taking  the  former  figure,  however,  the  actual  heat 
I  in  combustion  would  be  as  follows  : — 

Bwat  to cathooic  iicid    ...         ...  .  6*58  k  8,000  =  52.640 

Do.      carbonic  oxide  .,.         ...         ,,,     13  16 

Um  huTnt  bj  carlxMiie  acid  In  liinestouo       1'54 

U-R2  X  2.400  =  27*883 

Exclttiive  of  *eO  in  iron  18 '20  80.528 


th€  calories  required  amount  to  about  86,000,  this  lea\'ea 
5.000  to  6,000  i^lorios  to  be  supplied  by  the  bJast. 
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As  a  fact,  however,  we  know  that  from  10,000  to  12,000  calories 
found  in  the  blast  of  the  Cleveland  furnaces,  working  under  what  n 
be  considered  the  most  favourable  average  conditions,  say  with 
20|  cwts.  of  coke;  and  this  is  due  to  the  fact  that  more  or  less  of 
carbonic  acid  (represented  by  G'58  units  of  carbon)  always  is 
.  A  very  common  quantity  would  be  5*58  units;  which  means  a  defkneiMf 
of  5,600  calories,  corresponding  therefore  exactly  with  the  heat  io 
blast  as  commonly  used,  on  the  estimate  given  above.  Whenweoooi 
to  examine  the  sources  of  heat  in  these  two  cases,  assuming  86,001 
calories  as  having  to  be  provided,  we  have: — 

Ualts.  UniH 

Carbon  as  carbonic  acid . . .  6*58  5'58 


By  oxidation  of  carbon,  calories       80^28    »  /    74^28   i 

In  hot  blast  do.  5.472    )     ^'^   \    11.072    I     ^*^^ 

This  statement  is  intended  to  prove  that  if  the  carbon  Ms  tt 
perform  its  full  theoretical  duty,  the  deficiency  in  the  instance  died 
made  up  by  additional  heat  of  the  blast;  but  it  is  equally  true  that  tb 
more  heat  contained  in  the  blast,  the  larger  must  be  the  quantity 
carbonic  acid  which  disappears  from  the  gases  per  20  units  of  irot 
made;  because  the  heat  so  conveyed  into  the  JParnace  is  intended  to 
displace,  and  does  displace,  so  much  carbon  introduced  as  coke;  and 
the  two  oxides  of  carbon  have  to  be  maintained  in  certain  relationi 
each  other,  it  is  obvious  that  we  cannot,  when  the  two  are  foimdii 
these  relations,  alter  the  quantity  of  the  one  without  at  the  same 
producing  a  rateable  effect  on  the  other. 

In  order  to  show  the  manner  in  which  this  substitution  of  coke  If 
hot  air  acts,  I  will  suppose  that  the  carbon,  actually  yielding  heifc 
is  an  integral  number  of  units  and  that  the  carbon  as  carbonic  add  to 
that  as  carbonic  oxide  is  as  1  to  2,  and  that  there  are  also  reqninl 
86,000  calories  per  20  units  of  iron  as  before.  In  the  last  colunm  i* 
placed  the  temperature  the  blast  must  have  in  order  to  convey  the  heat 
not  provided  by  the  combustion  of  carbon: — 

Ou-boa      ytr.A^h*.        Burnt  to      Heat  Produced  by       Total        Blast  .Tamp^oCfll^ 

Burnt  by     "f  kW     ^ — ^-^ ^    ' ' — >       '"*™  ^  ''o*^        ^"-^-'^^^ 

Blast.       «'^*l"»-     CO..     CO.       CO..  CO.        Carbon.    Provide.       Heat.  O.        f. 

Def.      Jm- 
18        lOi-3      600  12-00   48,000  28,800  =  76,800     9,200-86,000     37*     W 

17  98-5      6-67  11-33   45,360  27,192  =  72,552    13,448-86,000     676  !/»» 

16  92-7      5-33  10-67   42,610  25,608  =  68,248   17,752-86,000     808  IfiH^ 

15  86-9      6-00  lOOO   40,000  24,000=64,000   22,000-86.000  1,068  li^ 


^WKBtl^Tt.—Qy  TOR  Va  A5D  TSfBOm^lnSZ  MOT  BI^AKT.  81) 

I  In  realitr,  howeTcr,  ihmb  numbefi  require  a  little  correctiofD; 
pnanr  m  pnctice  the  prDpontions  of  carbon  aa  carboDic  acid  to  carbon 
k  acboQic  oxide,  instead  of  being  as  1  to  :f ,  more  oommonly  are  as 
I  to  3*32  or  tfaereaboQta.    With  tbis  oorrection  the  figures  would 

I            IsT  74501  IMM  86,000  4(i5  tMJO 

I           17  TQJKS  IS^SSS  88,000  669  1.236 

16  8M3a  19,768  86J000  900  1.65S 

1            IS  6SXM  28,980  88,000  1,163  2J52 

I  In  the  opening  remarks  of  this  Section  it  was  mentioned,  in  the 
Meol  of  24  cwts.  of  carbon  per  20  unite  of  iron  being  burnt,  that  a 
Mtaiu  portion  of  this  quantitr  might  be  advantageouslj  replaced  by 
rieit  in  the  blast.  By  this  was  meant  that  the  ciu*bon  oxidized  being 
I  «31  in  sufficient  quantity  to  permit  the  full  amount  (G'58  units)  to  be 
I  tctained  In  the  forin  of  carbonic  acid,  no  heat  was  wasted  by  any 
I  aelion  between  other  portions  of  carbon  and  such  carbonic  add. 
I  If  hr  simplicity  of  calculation  we  assume  two  unite  of  carbon  as 
I  arittoic  oxide  to  aocompany  each  unit  as  carbonic  acid,  ^e  ghall  have 
I  atoor  best  result  13*16  units  of  the  former  against  the  G'58  of  the 
I  htter,  making  in  all  10-74  units.  The  balance,  or  4'2tJ  units  of  ear- 
I  hnt  to  make  up  the  24,  can  be  supplied  by  means  of  tiie  liot  blast 
I  fitboDt  lowering  the  normal  quantity  of  carbonic  acid  (6*58  of  carbon) 
I  i&the gases. 

I  The  moment,  however,  that  the  carbon  in  the  gases  is  reduc^  in 
I  ^tt&tity,  ao  aa  to  prevent  the  normal  amount  of  carbon  as  carbonic 
I  •id (658  units)  from  holding  its  pnjper  proportion  (one-third  of  the 
I  'lttle)j  the  carbonic  acid  partially  disiippears,  so  as  gtill  to  retain  its 
I  qfmnal  pr*)p.»rtion  of  the  one-third. 

I       The  change  involved  in  the  alteration  of  the  quantities  of  carbon, 
I  iaiiDdaced  as  such  into  the  furnace,  will  be  easily  followed  by  an 
«ttttdnstion  of  the  circumstances  attending  the  combustion  of  the  IS 
vidthelb  nnits  of  this  element  referred  to  in  page  88. 

There  is,  in  these  quantities,  a  loss  of  heat  on  every  20  units  of 
ihiQ  re^MTeseuted  by  the  redaction  of  one  unit  of  carbon  in  the  state  of 
'<S8ri)omc  add  to  that  of  carbonic  oxide ;  but  inasmuch  as,  in  each 


I 


I 
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ease,  the  proportions  of  carbon  in  the  two  8tat<;s  of  oxidation 
the  same,  the  efliciency  of  each  unit  of  the  fuel  is  not  thereby  1 
The  alteration  of  circumstances  in  question  therefore,  consii 
more  substitution  of  heat  units  in  the  blast  for  heat  units  fumii 
the  combustion  of  carbon  in  the  furnace. 

In  a  strictly  calorific  jwint  of  view,  the  actual  pain  bv  th< 
the  hotter  air— 1,008°  C.  (1,954^  F.)— were  it  possible  to  obta 
this  temperature  would  be  as  follows : — 

a.  When  wting  blast  containing  9Ji00  calories : —  Carbon      it 

Carbon  burnt  by  the  blast  .  _  Ig. 

Blast  with  9^00  calorics  obtained  by  combustion 

9  ''OO 
of  fuel  in   stoves  to  carbonic   acid   -~ 

8.000 

equal  to  I-IS 

Add  15  %  the  assumed,  difference  between  loss 
of  burning  carbon  in  blast  furnace  and  in 
stoves ...        '17 

—       1-a 

193 

b.  When  ftxinff  blast  containing  22,000  calories:—  s^^ 

Carbon  burnt  by  the  bUst  ...  15^ 

22.000  calorics  in  bhist.    Carbon  got  as  before. 

-;^  equal  **>  ...      2-75 

8,000     * 

Add    15  9^    loss    ari.<<ing   in  manner  formerly 

stated   ...         -41 

8-16 

1M6 

Strictly  speaking  some  small  allowance  must  be  made  in  favoi 
the  superheated  air,  owing  to  the  diminished  volume  and  somei 
reduced  temperature  of  the  escaping  gases,  consequent  on  the  ledi 
titv  of  carbon  burnt  by  the  blast,  and  the  smaller  quantik 
^"r  \'c  acid,  per  20  units  of  iron,  which  is  generated  at  the  to 
f r  tonace  '  Approximately  we  may  therefore  regard  the  three  u 
b  n  saved  in  the  furnace  fuel,  to  be  the  result  of  two  units  c 
of  car  on  jjigjed  in  the  hot  air  apparatus,  instead  of  be 

sumed  and    u  1    ^^  ^^^^  ^^^^^^  ^^  .^  ^^^  ^^^^^^^ 

^'tK'compare'the  quantity  of  fuel  burnt  either  way 
IT  flDDcar  not  very  large.    This,  however,  is  not  the  c 
difference  /"^^^^fj^  determines  the  conduct  of  the  wnelter,  who  is  so 
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by  the  commcrciaJ  aspects  of  the  question.    The  fael  used  in 
BBtmg  the  blast  is  the  gns  which  escapes  from  the  fonxacc,  whicli  in 
ij,  indeed  in  most,  cases  would  be  wasted;  bat  may  at  the  best  be 
SB  email  coal,  which  in  the  North  of  England  can  be  had  for 
,ce  per  cwt.     If  then  by  burnin*?  two  cwtB,  of  coal  worth  six- 
or,  still  better,  by  burning  farnace  gas  costing  nothing,  three 
Off  coke,  worth  it  may  be  two  shillings,  (x>uld  be  saved,  a  great 
would  arise  from  such  a  change. 
The  qnestion  raised  a  few  pages  back  was  the  extent  to  which  the 
actually  burnt  in  the  furnace,  could  be  lessened  by  a  corresponding 
t  of  heat  being  oommnnicatcd  to  the  blast. 
It  would  be  difficult  perhaps  to  predict  how  far  this  substitution 
be  carried,  in  face  of  the  principles  which  have  just  been  explained; 
the  real  extent  is  of  less  consequence,  because  there  ia  one  circum- 
loe  which  will,  in  all  probability,  proTe  an  effectual  barrier  to  much 

being  done  than  what  has  already  been  achieved. 
In  the  table  recently  given,  page  89,  the  temperatures  of  the  blast 
ing  different  quantities  of  carbon  were  as  follows : — 

Units  of  carbon  burnt       18        17        16        15 

Temperature,  degree  F 869    1,236    l,6f52   2.153 

iBcreue  or er  preceding' quiLiiti  tj —       307^     H6^     500^ 

The  nature  of  the  rise   of  temperature  in   the  air,  renders  it 
able,  as  may  be  easily  understood,  to  continue   the   increase 
r;  because  no  apparatus  could  be  made  to  stand  the  wear  in- 
able  from  a  temperature  of  2,152^  F.,  this  being  close  to  the 
og  point  of  cast  iron. 

If  wc  adopt  l,COO^  to  1,700''  F,  as  a  practicable  point  to  be  attained, 

the  equivalent  consumption  in  coke  {using  about  12  units  of  limestone 

'  Hnelting  Cleveland  stone),  works  out  to  the  figures  given  below  ;— 

UniU  of  carbon  per  20  uni  ts  of  pig  burnt  with  blast  at  1 .652°  F. . , .    16*00 

0»rboa  bumt  bj  carbonic  acid  ia  limestone         .,,       1'44 

OttboomiroD  ,,,         ...  ,..         ,..         ,».         .,,         ...         •6Q 


MOtk  for  unpontie*  to  1804  carbon  to  bring  it  to  coke,  eaj  74 

pwceni  ,.. 1.35 

19'^ 
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It  must  not  be  supposed  that  this  weight  of  coke  is  unchangeabfay 
it  is  susceptible  of  some  trifling  modification  arising  from  differenoeii 
the  richness  of  the  ore  or  of  the  quantity  of  flux  required.  With 
qualiflcation  19^  cwts.  of  coke  may,  in  my  opinion,  be  accepted  ai 
possible  limit  with  which  a  ton  of  Cleveland  foundry  iron  will  be] 
duced,  using  air  at  a  temperature  of  nearly  1,700°  F.  If  so  we  1 
a  gain  of  one  cwt.  of  fuel  or  thereabouts,  as  compared  with  the( 
when  the  blast  is  only  heated  to  1,000°  F. 

In  connection  with  the  use  of  superheated  air,  there  are 
considerations,  beyond  those  referred  to,  which  may  ultimately  kad 
its  large  extension.    The  difficulty  of  forcing  a  large  Yolume  of  bl 
through  a  very  lofty  column  of  solid  material  is  well  understood  by 
practical  smelter.    This  difficulty  has  been  notably  augmented  bf 
use  of  the  higher  furnaces  now  almost  universally  adopted  in  the  Nc 
of  England.    The  resistance  to  the  passage  of  the  blast  did  not 
however  to  be  greater  than  could  be  dealt  with,  at  the  time,  bf 
trifling  addition  to  the  pressure  applied  by  the  blowing  engines. 

Of  late  years  the  demand  for  coke  for  iron  works  has  been  so  greil 
in  the  quarter  referred  to,  that  the  Durham  collieries  have  been  con 
pelted  to  use  inferior  seams  of  coal,  to  mix  with  the  best  in  their  cm 
This  change  has  not  been  followed  by  any  material  alteration  in  ttl 
purity  of  the  coke,  but  it  has,  it  is  thought,  considerably  altered  I 
ability  to  support  the  heavy  load  to  be  carried  in  a  furnace  75  or  8 
feet  in  height.  1 

In  some  cases,  as  in  the  anthracite  furnaces  of  the  United  Stateu 
increased  resistance  to  the  entry  of  the  blast  is  overcome  by  a  men! 
addition  to  the  pressure;  which  I  found  occasionally  to  be  as  highil 
12  lbs.  and  even  more  on  the  square  inch.  It  may  be  that  similar  tmfc^ 
ment  might  prove  efficacious  in  the  North  of  England;  although  thi 
limited  trials  which  have  been  made  in  this  direction  have  not  beei 
very  encouraging. 

The  inconvenience,  attending  such  a  state  of  things  as  that  jorf 
mentioned,  no  doubt  gives  rise  to  irregularities  in  the  descent  of  thi 
materials,  and  in  their  uniform  permeation  by  and  exposnre  to  th 
]*cducing  gases.  This  is  only  met  by  an  increased  consumption  of  ccdai 
which  aggravates  the  evil  by  calling  for  a  corresponding  addition  totfa 
quantity  of  air  required  for  its  combustion.    These  remarks  point  t( 
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It  expediency  of  cUminiBhing  the  height  of  the  column,  through  which 
PtUart  has  to  be  forced;  and  this,  we  have  already  seen,  can  be 
iBompUshed  by  increaang  the  temperature  of  the  air.  It  is  almost 
Mjgflqons,  howeyer,  to  repeat  that  the  quantity  of  carbon  present  in 
■ftimace,  must  always  be  sufficient  to  maintain  a  reducing  action  in 
Ppl  gas  produced  by  the  oxidation  of  the  fuel  at  the  tuyeres.  It  is 
Mj  therefore  when  the  consumption  of  coke  notably  exceeds  the  limit 
npposed  to  be  essential  for  this  object^  that  the  use  of  superheated  air 
MB  be  expected  to  be  beneficial,  to  any  great  extent,  in  saving  fuel. 

The  use  of  saperheated  air  will  be  referred  to  again  in  a  future 
hktioD,  which  will  be  reserved  for  the  subject  of  the  fuel  employed  in 
bd  blast  fbmace. 
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SECTION  VIL 


ON    THE    QUANTITY    AND    QUALITY    OF    THE   PD 
REQUIRED  IN  THE    BLAST   FURNACE,   USING 
OP  DIFFERENT  TEMPERATURES. 

In  Sections  V.  and  VI.  I  have  endeavoured  to  give  a  concise  acooouft^ 
those  chemical  and  physical  la^vs,  which  are  concerned  in  the  lednofti 
of  the  ore  and  the  fusion  of  the  products  in  the  blast  furnace.  In 
remaining  Sections  devoted  to  the  smelting  process,  these  laws,  at 
risk  of  some  repetition,  will  be  examined  with  greater  minutenesB^  i 
i\t  the  same  time  some  further  explanation  will  be  given  of  the 
of  the  experimental  researches  undertaken  during  the  course  of 
investigations. 

Some  confusion  may  arise  in  considering  the  subject  of  this  Seotii 
by  overlooking  the  very  different  conditions  which  often  attend 
smelting  of  iron  from  different  kinds  of  ore.    It  is  not  meant  to 
the  observation  just  made  to  mere  richness  of  metal  contained  in 
mineral,  a  circumstance  to  which  undue  importance  may  eanOytl 
given,  for  reasons  shortly  to  be  explained. 

We  have  already  seen  that  the  economy  effected  by  the  hot  1 
was  by  no  means  of  an  uniform  character,  nor  did  the  advantagM 
rived  from  the  enlargement  of  the  furnaces,  when  smelting  Clevelaiid 
some  other  ironstones,  always  attend  a  similar  alteration,  when  a|^ 
to  those  engaged  on  ores  of  a  different  kind.  In  these  last  mentiiwi 
cases,  the  difference  in  the  results  was  due  to  the  greater  or  less  tuBm 
with  which  the  ore  in  use  parted  with  its  oxygen.  Bat  if  tm 
minerals  are  identical  in  their  facility  of  reduction,  but  one  is  pooHl 
in  iron  than  the  other,  the  additional  fuel  required  is  that  whidi  II 
needed  for  melting  the  additional  quantity  of  slag,  and  for  prondilf 
for  some  minor  sources  of  heat  absorption.  The  reducing  power  of  tti 
gases  must  always  be  maintained,  and  is  regulated  therefore  by  Al 
actual  quantity  of  iron  to  be  reduced.  Pig  metal  however,  an  in  ml 
known,  is  not  only  impure  ii'on,  but  the  impurity  it  contains  vaziesB 
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rdiiig  to  ito  ori^n  or  ita  moda  of  manufacture.  SucU 
StteisassilicoDjpliosphurus,  and  some  others,  arc,  like  the  iron 
isduced  from  a  state  uf  chetnical  combination,  for  which  redue- 
keat  imd  carboa  ai^e  indispensable;  hence  it  may  well  happen 
ilar  quantities  of  pig  may  require  somewhat  vailing  measures 
ii  etc.,  and  there furc  of  fuel,  for  their  treatment  in  the  blast 

desirability  of  knowing  the  actual  quantity  of  heat,  necessai-y 
dacing  a  given  quantity  of  pig  iron,  is  obvious ;  and  thanks  to 
ic  research,  we  have  at  our  command  such  information,  of  a 
Htly  exact  nature  for  our  present  purpose, 
following  table  is  an  estimate  of  the  number  of  calories,  or  heat 
pposcd  to  be  required  for  smelting  Cleveland  iron  of  avenige 
Btion,  including  certain  sources  of  waste  whicli  maj  be  regarded 
^arable  from  the  operation.  The  quantity  of  iron  taken  as  a 
calculation  is  1*0  kilogrammei^,  which  permits  of  a  ready  com- 
with  ^0  cwts.,  the  famihar  weight  to  the  mind  of  an  English 
oturer: — 


I  iif  Ibe  wjkter  in  the  ooke, 

of    180O   kilntciwtmic»   of 
I  from  flute  of  pL'rojtide 

iiotprc^iAtJau   ,,. 

I  cibrlH»nic  acid  (CO,)  f  rotn 

ni  of  carboiilo  ikcid  frum 
to  CO 

^tiuu  (jf  WAter  tu  hhst 

ion    of    jihtMjilioric    tu'lil,    kuI- 
ino  tt^id,  iwtd  silica,  estl  mated  at 
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ptg  irau 
tfiUfe- 


I86Q  X 

•60  X 

1100  X 

1*32  carboti       m 
*05  lijdrogcu  X 


20*00 
27-93 


Tuttii  iitiits  u>^ully  applied 

Uirougb  %valLi  of  f  unuwie 

off  Vti  tuyere  wiitArr 

of  liiiiMtt  e*cap«  »itt)  fomuUtloiii^i  tftc-,  iiiipi>o«ed 


^ff  in  (»iC!L|>in|?  cT^a^efi  (nmy  n  modcnt  f  uriiiico 


CftloricA. 

.>10  - 

1,780  = 

2,400  = 

370  - 

3.200  - 

3i,00D  = 

330  - 

550  - 

1.800 
3,3St) 
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33,108 
1,440 

4.070 

1,700 

3.500 

G.COU 

153otf 

70^11 


8,789 


7^,100 
7.0OO 

K7.omj 
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It  ought  to  be  observed  that  this  estimate  is  framed  on  the 
osition  that  the  grade  of  the  metal  produced  is  No.  8  fouodry  ipfli 
t  is  necessary  to  bear  this  in  mind^  because,  as  is  well  known  to  ii 
melters,  the  richer,  as  it  is  termed,  is  the  quality  of  the  ipon,i 
irger  is  the  consumption  of  the  fuel  required  in  its  prodnction;  tlui 
bat  more  coke  is  needed  to  run  No.  1  than  to  make  other  nombal 
r  white  iron,  is  universally  recognised. 

Accepting  the  figures  given  above  as  a  basis  of  calculation,  and  i 
fitting  the  possihiUfy  of  so  oxidizing  the  carbon  of  our  fuel,  that 
hall  have  in  the  gases  one  unit  of  this  element  escaping  as  carlxfli 
cid,  and  two  as  carbonic  oxide — which  is  the  greatest  extent  to  whi 
re  may  assume  it  possible  to  oxidize  the  carbon  as  a  whole — we  ci 
asily  conlpute  the  coke  required  for  the  process. 

The    heat    evolved  by  one    unit  of   carbon   so   burnt  will  t 

X   8,000  +   2   X    2,400  ,  ,^.^       ,    . 
=   4,26G   calories.      Coke  of  aven^ 

o 

uality  may  be  regarded  as  containing,  of  earthy  and  volatile  matt 
bout  10  per  cent,  of  its  weight:  hence  the  actual  heat  units  evdT« 
er  unit  of  coke,  will  be  something  like  3,840.  The  quantity  of  hei 
1  the  blast  raised  to  a  temperature  of  about  540^  C.  (1,004^  F.), 
0  units  of  iron,  may  be  calculated  at  12,000  units:  we  have 
Dre:— 87,000  (total  absorption)  less  12,000  (heat  in  blast)  ='75,i 
s  the  heat  units  to  be  provided  by  the  coke;  and  70,000  -f- 
heat  units  evolved  per  unit  of  coke)  =  19-53  as  the  units  of  coke 
!0  units  of  metal,  or  in  other  words  as  the  number  of  cwts.  of  coke 
on  of  pig  iron.  Speaking  from  my  own  observation,  I  deem  it  d 
ul  whether  Cleveland  iron  has  ever  been  made  continuously  for 
3ngth  of  time  with  quite  so  low  a  rate  of  consumption  of  coke  as 
ust  named.  At  ihe  same  time  the  approximation  is  sufficiently 
0  what  has  been  occasionally  achieved,  to  afford  strong  evidence 
avour  of  the  general  correctness  of  the  figures  quoted  for  the  varioi 
bcms  of  heat  absorption. 

Actual  experience  of  the  performance  of  two  of  the  Clarence  fbmM 
oth  smelting  Cleveland  ironstone,  but  under  very  different  conditio 
wing  to  the  difference  of  the  capacity  of  the  furnaces,  point  also 
he  truth  of  the  statement  just  given.^  1 

'  Furtlier  juirticiilars  arc  given  in  Sec.  XXVI 1 1.,  "  Chemical  Phenomena  of 
citing." 


■^ 
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SUKMART  OF  WORKING  OF  TWO  CL.UIENCE  FUENACES. 
CoMrjL&tsoK  OF  80  Ajrr»  48  fbft  FrRKACua. 

Ilelglrt  of  furnace  in  feci 
CkpAcit J  in  cubic  f o«t 

Mftlerklf  nscd — coke  per  ton  of  iron 
Cftldnrd  ifonftoue    do,  do, 

Lifoeitone  do.  do. 

Weigbt  of  bUfit  fier  ton  of  irrm 
Do.      esca]^»iug  g»aes 

Tcnipentnre  of  bljut.  Centigrade 
Do.  escaping  gaacs 

HcnluniU  evolved  bjr  oxidation  of  fuel,  a*  it^ 

WAS  actnnlly  fffwUil  in  the  two  euimples) 
H^Mi  nnits  as  cnntainc>d  in  the  two  dilTuruiit  | 

c^UflJititics  of  bhwt  u«ed         .,.  j 

Htmt  units  carried  off  in  tbe  two  dllferent^ 

wHi^bts  of  escaping  gaMS i 

fie«t  unit*  ik^bsorbcd  in  furnace  work   , 

Differencse  between  the  two  ...        &,010  caloric*. 

iiffercnce  between  tlie  two  sets  of  fignrta  arises  ft'om  the 

limestone  used  in  the  48  feet  fimiace,  which  retiuired  alxjut 

fodories  for  the  chemical  changes  it  underwent,  and  for  the  fnsion 

increase  of  slag  occasioned  by  its  iisv.     This  rednceB  the  dis- 

to  abc»nt  1,B00  units,  or  about  Vo  per  cent,  on  the  entire 

-a  difference  not  in  excess  of  what,  from  the  nature  of 

e,  might  have  been  expected*     In  the  example  taken  for  eeti- 

'  tlie  theoretical  minimnin  of  fuel,  tlicre  is  still  less  combustible, 

ereforc  less  ash  to  deal  with,  than  in  the  two  examples  just  given ; 

limestone  is  required.    In  like  manner  the  reduced  qimntity 

r  bflst  contained  in  the  escaping  gases  la  estimated  as  follows  z — 

UnJU. 

I  Weight  of  ga«e*  138-66  x  .332^0.  X    24  SH  11,013 

1  1..,-^  .>«.t]inat€^  heat  couitnuuicati'd  by  hot  iriin*toiie  ...       2,406 


m 

48 

11,5(KJ 

6,000 

L^2'32  cwt«.  28-92  ewU 

48fiO 

»     ^BO    „ 

u*m 

.,      16-00    „ 

ioa"7i 

»    12812    ,. 

13M6G 

,.    nO'59     ,, 

48G' 

4S5^ 

a32' 

4.-^2^ 

81.536 

89,288 

11,919 

11726 

113,155 

104.014 

$,mo' 

I6,tm 

8*^595 

S7Am 

nit  beat  of  *^8  units  ftteAm  x  5  Ri 


8..H7 
313 

8.8150 
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of  ooke  diminishes  the  volame  of  blast  required  for  its  combustionyani: 

diminishes  at  the  same  time  the  weight  of  escaping  gases.    In  this  wif 

the  amount  of  heat  carried  away  by  the  gases  is  also  lessened.    Tki 

sum  of  these  differences  is  rfbout  3,800  units  in  favour  of  the  calculate 

setting  forth  the  theoretical  minimum.    Placed  in  a  tabular  form,  witk 

allowance  added  or  subtracted,  as  may  be  required,  we  have  the  followinf 

figures  representing  the  heat  units  per  20  kilogrammes  of  pig  iwa^ 

smelted  from  Cleveland  stone,  in  the  three  given  cases : — 

A.  B.  C. 

Character  of  furnace  80  feet.       48  feet,-!    nSKi 

^  ooosmnplML 

Units  of  fuel  consumed  per  20  units  of  pig  ...      22*32  28*92  19-53 

Oxidation  of  fuel—  HeaiuniU.    Heatanits.    HeaimfH 

Carbon  to  carbonic  oxide  evolves 
Carbonic  oxide  to  carbonic  acid  evolves.. 

Blast  estimated  to  contain 

Carried  off  in  escaping  gases       

Utilized  in  furnace  84,595        87.605        79,100 

Deduct  in  case  of  B,  to  bring  down  to 

standard  of  A  for  more  flux  used,  etc.        ...  1,700 

Add  in  case  of  C.  to  bring  up  to  standard 

of  A  for  less  flux  used  at  C,  etc ...  8,800 


43,024 
36,512 

58,656 
30,632 

42,000 
33,000 

81,536 
11.919 

89,288 
14.726 

104,014 
16,409 

75,000 
12,000 

93,455 
8,860 

87/XX) 
7,900 

84,595        85,905        82,900 


In  the  foregoing  estimate  of  the  minimum  quantity  of  heatrequiiri 
for  smelting  a  ton  of  Cleveland  iron,  under  the  circumstances  described, 
it  has  been  assumed  that  gases  of  a  given  composition  and  temperatue, 
as  they  leave  the  furnace,  cease  to  have  any  useful  power  in  deozidixiif 
iron.  Not  only  were  numerous  experiments  made  to  determine  whifc 
may  be  considered  as  the  practical  point  of  saturation  of  pure  carbonic 
oxide  by  oxygen,  when  applied  as  a  reducing  agent  to  oxide  of  iron; 
but  actual  trials  were  conducted,  by  exposing  Cleveland  calcined  ore 
to  the  gases  as  they  left  one  of  the  large  Clarence  furnaces  (25,400 
cubic  feet  capacity).  Upon  one  occasion  the  deoxidizing  power  of  tbe 
escaping  gas  was  so  very  nearly  exhausted,  that  during  a  period  of  24 
hours  only  8*72  per  cent,  of  the  original  oxygen,  in  the  oxide  of  iron 
exposed,  was  withdrawn;  and  on  another  occasion,  during  an  ezposore 
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i  hours,  tbe  weight  of  oxygen  removed  was  only  5*71  per  oent,  of 
Dri^nal  amoant.     It  will  be  recollected  that  the  nuutral  point  was 
to  be  reached,  when  in  the  mixed  gases  one  part  by  weight 
s  carbon  was  converted  into  carbonic  acid,  leaving  two  as  carbonic 
Speaking  volnmetrically,  this  |K>sition  of  satunition  is  D>nsidered 
oiined  when  50  volumes  of  the  former  gas  (00^)  are  accompanied 
^100  volumes  of  the  latter  (CO).     Now  as  a  fact  45  volumes  of 
onic  acid  per  100  of  carbonic  oxide  was  the  maximum  percentage 
nd  in  over  14  analyses,  made  during  the  trials  in  question.    Further 
tiie  fact  that  the  weight  of  oxygen  in  tbe  two  gases,  when  in  tiie  pro- 
lion  jnst  named,  viz,  one  of  COa  to  twu  of  CO,  is  the  same,  renders 
.  more  probable  that  it  oonstitntes  a  neutral  position  as  regards 
•absorption  of  this  element, 
ch  a  limit  as  that  just  described  exists,  and  if,  as  has  been  shown, 
[chemical  action  in  the  upper  zone  of  the  fumace,  from  its  proximity 
ion  in  relation  to  the  exit  of  the  gases,  detonnincs  the  tem- 
j  of  those  gases,  it  is  clear  that  the  full  heating  jiower  of  the  fuel 
fTers  a  diminution  by  the  existence  of  natural  laws. 
I  The  assertion  that  the  theoretical  limit  previously  named,  ie.  19*58 
per  ton  of  iron,  is  only  under  exceptional  circumstances,  per- 
tatly  attained  in  Clevelantl,  will  be  generally  accepted  by  the  iron 
[ifaotnrera  of  that  locality;  and  it  is  not  diMcuIt  to  understand 
f  this  should  be  die  case. 

[Let  us  imagine  a  blast  furnace  of  the  most  approved  dimensions, 

thich  instead  of  permitting  the  entire  volume  of  the  intensely 

reducing  gas,  carbonic  oxide,  to  ascend  to  the  level  of  the 

[ing  plates,  one  half  of  this  was  withdrawn  by  an  aperture  made  in 

I  lower  part  of  the  structure.     Deoliiig  only  with  the  carbon  gases, 

which  alone  we  are  concerned  in  the  present  argument,  such 

awal  would  amount  to  takiug  50  volumes  out  of  150  of  tlie  two 

I  taken  together,  and  would  leave,  in  the  remaining  lUO  volumes, 

|ftdd  and  oxide  of  carbon  (COg  and  GO)  in  equal  volumes,  instead 

I  the  ratio  of  1  to  2,  the  limit  to  which  Baturatiou  with  oxygen  is 

capable  of  being  can'ied.    To  make  amends  for  such  distur- 

e,  Bomethiug  like  8  to  10  cwte.  of  coke,  for  each  ton  of  iron,  would 

( &o  be  added,  in  order  to  restore  the  bO  volumes  of  carbonic  oxide 

I  abstmcted. 


lUO 
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Such  a  mode  of  procedure  m  the  ^cape  of  one  half  of  the  reducinggaa; 
in  exactly  the  manner  snpposed,  of  courBe  never  occurs  in  practice,  te 
disturbances  may  bo  occasioned  hj  other  caUBes^  such  as  a  faoltT  melhod 
of  introilncing:  the  materials,  etc  The  first  furnaces  under  my  ooDtrcJ 
were  so  coiustnjcted,  that  all  the  diarges  were  thrown  in  at  one  openings 
ovtif  the  back  tuyere;  the  result  being  that  all  the  coarser  pieoei  ill 
point  of  si3»  rolled  to  the  front.  The  interior  thus  became  dmiti 
Tortioally  into  two  eompartmente;  thiongh  the  more  open  one  of  thm 
tfati  greater  portion  of  the  gasee  rushed  with  gr^t  rapidity,  while  tbej 
aioanded  through  the  other  with  great  difficulty,  and  of  course  in 
imaller  quantity*  owing  to  the  compactneas  with  which  the  finer  po^ 
taona  of  Uie  charge  filled  it.  In  the  former  case  they  escaped  into  the 
air  baring  only  inipt^rfectly  diadwi)^  their  proper  duty,  while  in  tlid 
kniTi  owing  to  thm  dBfleient  quantity,  the  oxide  of  iron  reached  siidi 
1  htA  in  the  Atnuu»  lint  i^udaoii  vn  only  imp^ectly  effected,  cr 

oril  dl  tToiiia  witiboitl  die 
ni  iIm  iMhod  of 

I  Cfl'llJI  Is 


in 


of  by  carbonic  oiid% 

of  carbonic  acid.     A  mere 

fijor  doora  vasund  uf 

t^wm  in  a  great  meaouef 

by  a  aanng  of  10  or  12  cwts.  of 

metmmA  iaOj  prodactioD  of  itm 

Wi  ji  qiaoted  la  aa  extreme 

in  {HiDciple  bat 

I  a  IlKBKe  of  ihe  moat  perfect 

af  HkiMoia  active  auperrisiaii* 

t  «f  MiAlitaff  aa  Cfa^  are  lormei  a 

(learolbeflnio^ 

a«i  befiite  Ui^ 

^ofboldiiig, 

,  wbidi,  iT 

_"  _  or 


In  mA  otfiai  ar  If  il» 

^  Httti^r  asa  fa  aiRa^aNi, 
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is  at  fdl  times  a  dcsHJeratum.    Not  only  do€8  the  prefienoe  of 

^\  imparity  diminisli  pro  tnnto  the  amount  of  carbon  in  the  ftiel,  bat 

kroifkods  the  adtlitiun  uf  b'mcstone  for  its  fnsion.     More  heat,  and 

ifoi^e  more  fuel,  has  to  be  provided,  on  account  of  the  addition  of 

onio  acid  brought  by  the  flux  into  the  furnace,  and  also  on  account 

I  the  larger  weight  of  slag  which  has  to  be  fused* 

The  mechanical  texture,  however,  of  the  coke  is  perhaps  more 

ortant  in  the  eyes  of  furnace  managers  than  jiuy  trifling  increase  in 

ptrrcentagc  of  ash.    The  combustible  most  in  favour  with  these 

iB  is  that  variety  of  coke  which  is  distinguished  by  hardness, 

Dost  metallic  lustre,  and  power  of  resisting  a  crushing  load:  while 

lowest  in  their  estimation  is  Uie  soft*  dark-colonredy  and  easily 

ilverized  variety  known  as  hlack  ends. 

The  prejudicial  etfoct  of  such  coke  as  this  may  be  twofold.     In  the 

i  place  it  may  crumble  down  under  the  weight  of  the  euperincuin- 

fttload  of  a  lofty  column  of  material,  and  thus  occasion  that  diversion 

'  the  current  uf  gases  already  explained.     If  the  belief  of  competent 

ctical  men  of  large  exj^erience  is  woiih  anything — and  I  mystilf 

r  much  value  upon  it — this  constitutes  at  least  one  of  the  objec- 

Lto  friable  coke;  and  they  aflcge  in  proof  that  the  inconvenience. 

Sng  to  its  use  has  been  intensified  since  the  introduction  of  lofty 

in  whidi  the  crushing  of  the  softer  material  would  be  in- 

by  the  additional  weight  it  has  to  sustain.     The  second  defect 

lone  of  a  purely  chemical  character.    The  inconvenience  of  having 

b  coke  act^  on  by  the  carbonic  acid,  pnsduced  by  reduction  of  the 

haa  been  already  explained,  on  page  72.     It  has  also  been  shown 

i  Section  Y.  that  this  action  liegius  with  good  coke  at  about  1,500*' 

(815°  C).    But  e^tperiment  in  the  laboratory,  as  well  as  observa- 

\  on  the  action  of  the  gases  at  the  furnace  itself,  led  me  to  the  con* 

don  tliat  the  srift  black  coke,  objected  to  by  fiimace  managers,  is 

%^M  by  carbonic  acid  at  about  800''  F.  (427°  C.)    This  would 

kicim,  at  any  rate  in  low  fumacee,  the  existence  of  a  zone,  near  the 

P,  where  the  materials  reach  a  region  of  elevated  tempemture,  and 

phfTB  tlie  carbonic  acid,  generated  by  deoxidation  of  the  ore,  is  being 

duced  to  the  state  of  cai'bonic  oxide  by  dissohing  carbon. 

Having  regard  however  to  the  fact  that  our  furnace  managers  are  so 

tto  the  use  of  soft  coke,  I  was  anxious  to  make  the  question  one  of 


102         SBcrrioN  vii. — fuel  bequibkd  is  blast  fubhaok. 

actual  trial  in  the  blast  fdraace  itself;  and  this  was  carried  out  at  tk 
Wear  Works,  on  a  fiirnace  having  a  capacity  of  17,500  cubic  feet.  Ifc 
volumetric  percentage  of  carbonic  acid  in  the  gases  was  as  follow  ^- 


I 


1-28 


Time.  Remarks.  of  00i  k 

(  Soon  after  charging  an  ordinary  round  of  coke,   ironstone,  "i 
12noon{                                 '^                   "^  J    107 

(      and  lime  ) 

12*S0     {  After  charging,  the  carbonic  acid  gradually  rises  as  the  action  ]  117 

12*50     }     on  the  ore  progresses.    At  the  same  time  it  is  under  the  >  IS 

1*12     (     usual  average )  W 

(Temperature  of  gases  about  932°  F.  (500°  C.)      Charged) 

(     52  cwts.  of  coke  ( 

1*45        Here  the  effect  of  the  carbon  in  splitting  uj)  CO,  is  evident         i'S 

^An  increase  of  carbonic  acid  is  now  observable,  probably  due^ 

2*10     <     to  those  portions  of  the  coke  most  easily  attacked  by  CO,  >  IS'O 

(     having  been  previously  earned  off ...         ...) 

2*30        Volumes  of  carbonic  acid  emitted        11^ 

2*55  „  n      (temperature  of  gases  rising)  ...  210 

3*20     ( Carbonic  acid  declining,  probably  owing  to  reduction  of  ore  *)  UO 

3*40     <     having  l)een  now  largely  effected;  the  first  portions  of  the  V  U'J 

4*5       (^     oxygen  being  the  most  readily  removed       j  Ifl 

In  regard  to  the  temperature  at  which  carbonic  acid  begins  to  acton 
coke,  the  above  experiment  does  not  afford  any  precise  informatioQ. 
After  introducing  the  coke,  the  temperature  of  the  lower  part  of  the 
charge  would  rise  rapidly.  In  the  laboratory  it  did  not  appear  thii 
the  action  was  very  marked  till  about  1,200^  F.  (649°  C.)  Asaa 
evidence,  however,  of  the  difference  of  susceptibility  of  different  kinds 
of  coke  to  be  acted  on  by  carbonic  acid,  the  results  are  given  of  seven! 
trials,  recently  made  in  the  Clarence  Laboratory  on  specimens  from 
two  different  collieries — the  one  being  of  known  inferiority  to  ihe 
otlier.  The  specimens  were  exposed,  side  by  side,  for  different  periodi 
of  time,  at  a  temperature  of  about  1,500°  F.  (815°  C.) 

Percentace  of  Low.  Ratio  «f 

Kxposure.  A,  better  quality.    B,  second  qrulitj,    A  to  &> 

2  hours.      A  verage  of  3  samples,  A  and  B 

4      „  „  3       .,  «» 

f»      „  .,  2       .,  I. 

8         „  y,  I  n  »» 


1*01)7 

..       2*257     . 

..     100    205 

1*903 

.      3*767     . 

..     100    V» 

2-904 

...      5*646     . 

..   100  m 

3*893 

..      7*801     . 

..   100  aoa 

Average 

.   100  m 
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These  trialu  therefore  indicate  that»  while  ii  ton  of  coke  in  tbo  cas(* 
I A  would  in  2  hours  lose  *778  cwta,,  the  waste  on  B  would  l>e  equal 


ABeoond  series  gave  the  following  results :^ — 
sham,    Avefnige  of  2  ii&niplca,  A  mid  B 


Percentoco  of  Lcml  Eatlo  of 

A,  beUor  <iuAilt7.    B,  second  (^UAlily,    A   f)   B. 


•758 

2-274     , 

,.     100 

800 

r:i56 

...       3*152 

,.    im 

2a3 

2G74 

..       5-7C6 

.      100 

215 

3-892 

.        7-803     , 

..     100 

200 

Avemgo 

,.     100 

237 

Both  Bets  of  fibres  indicate  that  the  better  quahty  of  coke  coe- 

riinied  at  the  end  of  eight  hours  less  susceptible  to  the  action  of  hot 

|t«rbomc  acid  than  the  other  with  which  it  was  compared. 

There  are  other  circumstances  connected  with  the  quality  of  coke, 

jmoGg  the  presence  of  ash  and  proneneea  to  be  acted  on  bj  carbonic 

i"QUl,  which  demand  attention.     Conspicuous  among  these  are  the 

^•cciUTeDce  of  gulphnr,  usually  in  the  form  of  sulphide  of  iron,  of 

^^  matter  from  imperfect  coldng,  and  of  uxjgcn. 

^  **  a  /act  well  known  to  founders  that  the  use  of  coke  in  the 

K>*a>  cont^fning  an  excess  of  sulphur  tends  to  harden  the  iron  in  the 

iw^       °' JOelting.    Speaking  in  genera!  terms  it  secnas  probaljle,  that 

^r^  presence  of  this  clement  interlercs,  in  some  way,  with  the  scpar- 

^C^    .     carbon   ia  the  graphitic  state,  a  condition  which  appears 

■"     f^  ^  tie  formation  of  soft  iron. 

,lji^      .  ®  ^'^t  furnace  thia  lowering  of  the  quality  of  the  metal,  by 

^miti    ^^  ^^  ^"ip^iur,  is  sought  to  bo  couuteracted  by  the  ubo  of  an 

^r_^      9"antity  of  lime  beyond  tliat  absolutely  required  for  the 

Bhoj.;         ^^x.        This  increased  weight  of  carbonate  of  lime  and  the 
*^'*'»o/e  jjp      .  ^ 

m/pftjjj,       ^^^  ^JT    of  keeping  the  furnace,  when  using  coke  rich  in 
'^  of  Cot     ^'S^^^^  temperature,  is  the  cause  of  an  increased  consump- 

^riJQ^  ^^  ^^^  fcemperature  has  to  be  ascribed  those  differences  in 
^pftod*  ^  ^^  ^^^  fornace,  which  constitute  the  condition  required 
Hie  Q  ^'*^i:i  of  rich  iron;  hence  anything  tending  to  harden  or 
ity  ^:^f  the  metal  has  to  be  met  by  an  inOuence  of  a  con- 
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trnry  diameter,  such  as  that  called  into  play  by  a  more  liberal  nse  \ 
imt  Besides  such  elfect  as  that  coosequent  upoa  a  mere  increase  i 
the  tcmfjerature  nt  the  tuyeres,  I  am  inclined  to  think,  for  reaaoni  I 
be  given  in  the  next  Section,  that  the  hotter  the  iron  is,  the  weaker  i 
the  affinity  between  it  and  the  inetAlloid  in  question. 

Confining  the  obeervation  to  the  produce  of  the  Durham  cx>al-fiek; 
the  purest  samples  of  CK)ke  contain  only  "5  per  cent  of  sulphur  while  th 
mofit  impure  may  have  three  times  this  quantity  of  the  objectioiuibl 
element.  A  very  usual  content  of  sulphur  in  the  fuel  consumed  a^  tk 
Middlesbro'  ftimaces  will  be  about  I  per  cent.  ^M 

It  rmrely>  if  indeed  it  ever,  happens  in  practice  that  a  small  por^ 
uf  those  volatile  substanoea  existing  in  raw  ooal  is  not  left^  nnexpelle 
br  the  prooeas  of  coking.  That  Tariety  already  spoken  of  as  bliic 
ends  contains  moat  of  the  volatile  matter  referred  to,  and  at  the  sam 
time  from  their  poroits  naltune  Ihej  afaeorb  and  retain  a  much  greats 
qtMnlilj  of  waler*  Qaed  ia  qoenchtvg;  lina  eoke  of  a  denser  characte: 

l%e  IMm  just  gireo  ai^  sh  forth  in  the  analTsea  of  specSmem  fioi 
Ite  VfMmim  which  mppkf  the  Clarence  vorks  ^— 
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they  ooutain,     I  would  however  call  attention  to  certain 
oontaiDed  in  a  recent  work  Ly  Dr.  F.  Muck,  of  Eochum,'  in 
i  the  oxjgen  aud  azote  in  one  case  reach  7*68  ikt  et*nt* 


c. 

H. 

0.  antJ  Ar. 

&.  uid  AMh, 

83-487 

^37 

G*'i67 

10-309  dry 

100 

t^'SBO 

*187 

6-303 

9^50    ,, 

100 

85'OGU 

'860 

7-680 

S-400    „ 

100 

,  I  Mid  2  are  horn  tha  Ruhr  district.    No^  3  ib  from  au  Knglbh  eoiL 

In  these  last  three  examples  we  have  not  only  a  deficient  amount 
if  carbuD,  bat  we  have  a  portion  of  it— the  heat  pro<lucing  element — 
lllready  nnited  to  a  emuitierahk  quantity  of  oxygen  by  which  its  calorific 
powers  is  materially  diminished. 

Mr.  L  Parry's  researches  on  the  gases  given  off  by  coke  heated  in 
nm,  point  to  the  prohabiHty  that  all  the  oxygen  found  in  coke 
iwpw  in  ci^mbination  with  carbon  and  not  with  hydrogen.  In  one 
jjtsperiment  he  obtained  a  gaseous  mixture  consisting  of 

i! 

2CH^  '  22H  -  23CO  -  53CO,  -  100 

Acojrdmg  to  this  analpis  three-fourths  of  the  carbon  present  ia 
folly  oxidized  and  therefore  incapable  of  affording  any  service  in  the 
t>laat  fomace. 

If  we  apply  this  composition  of  gases  to  the  analysis  of  No.  3  in 
the  tet  of  the  series,  it  wonld  mean  that  with  the  oxygen  and  hydrogen 
3*6  per  cent,  of  carbon  would  l>e  volatilized  bringing  the  total  matter 
irivenoffto  12*14  percent.  ('860  +  7*680  -f-  3-000).  This  wonld 
oiJy  le*Te,  even  neglecting  the  probable  action  of  the  carbonic  acid  on 
\  arbatuonly  81*46  to  arrive  before  the  tuyeres.  Besides  this  deprecia- 
^  in  available  value  some  allowance  has  to  be  made  for  the  heat 
►Aed  ia  expelling  the  volatilized  matter,  so  that  about  G  per  cent, 
the  total  value  of  the  coke  ia  sacrificed  in  the  case  just  referred  to. 
We  raay  assume  that  111*53  cwts.  rt^present  the  theoretical  weight 
^'  coke,  of  average  good  quality,  required  to  make  a  ton  of  No,  ;^ 
'**™d  iron ;  and  it  has  often  happened  that  for  periods  of  some 
^O  addition  of  5  per  cent,  to  this  quantity,  malting  20oO  cwts., 
**«8ced  fur  keeping  a  furnace  pretty  steadily  on  good  grey  iron, 
'  GmiukUge  and  Ziele  der  St43iDkohlen'Chemie. 
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This  extra  allowance  of  fuel  affords  a  margin  to  provide  against  I 
nn'nor  sources  of  derangement  recently  spoken  of.    The  resnlt  is  nokil 
perfectly  uniform  rate  of  working;  but  the  furnace  so  treated  i 
when  the  conditions  are  all  favourable,  a  somewhat  superior  qualitfi 
iron  to  No.  3 ;  while  on  the  other  hand,  if  any  unfavourable 
stance  intervenes  to  impair  the  general  heat  development,  and 
appropriation,  the  effect  is  manifested,  not  necessarily  in  an  increase  ift| 
the  fuel  consumed,  but  in  a  lowering  of  the  grade  of  the  metaL 

Adopting  87,000  units  as  the  quantity  of  heat  needed  for  smelting] 
units  of  iron  from  Cleveland  stone,  we  have  seen  that  this  amount  of  1 
is  capable  of  being  obtained  by  burning  19*53  cwts.  of  coke  withairi 
540^  C.  (1,004°  F.)  For  the  performance  of  this  duty,  however,  a  i 
per  saturation  of  the  gases  by  oxygen  is  required;  while  their  < 
from  the  furnace  must  be  delayed  until  they  have  communicated  to  i 
solids  all  the  sensible  heat  they  are  capable  of  imparting.  We 
seen  however  that  variations  in  the  quality  of  the  coke,  and 
disturbing  causes,  have  rendered  it  difficult  to  produce  a  ton  of  Clev 
iron  with  so  low  a. quantity  as  20  cwts.,  or  even  more,  of  good  < 
Now  that  other  than  the  best  seam  of  coal  (the  Brockwell)  is  used  i 
coke  makers  in  the  County  of  Durham,  22  J  to  23  cwts.  of  coke  per  in  j 
of  iron  is  considered  as  not  an  uncommon  result. 

Such  a  proportion  of  carbon  to  the  work  to  be  performed 
of  course  in  the  escaping  gases  a  considerable  excess  of  carbonic  Qxidfl^l 
as  compared  with  carbonic  acid,  over  and  above  that  shown  to  I 
practicable.    An  examination  was  made  of  a  furnace  using  22*97  cwfck| 
of  coke  with  the  following  results: — 


Tlie  requirements  for  tlie  furnace  work  ascertidned 
by  a  similar  mode  of  computation  to  that  alrcadj 
given  were  found  to  be  for  20  units  of  iron   . . . 

Waste  by  transmission  through  waUs,  by  heat  in 
tuyere  water,  etc.,  etc.   ...         ...         

Heat  in  escaping  gases,  after  allowing  for  that 
contained  in  the  warm  ironstone 


QftlOllML 


70,788 


8,957 


8,055 


17,01S 


Total  calories  required 


87,800 


This  heat  was  derived  as  follows: — 

The  actual  carbon  in  the  coke  was  estimated  at  20*91  units.  Of  fiv 
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1  uoitB  was  oxidiaed  b^  the  carbonic  acid  in  the  limeBtone,  leaving: 
to  be  burnt  by  the  blast;  and  this  was  burnt  in  the  following 


To  the  state  of  carbonic  ojtide 
Do.  carbonic  acid 


UuJt>.         Coluiriea.        C&li>rltv. 
5*23    X    8,000  =   41,H40 


19-61 


Learing  tho  remainder  to  be   brought  in  by  the  bla<!t. 
vix.  96*99  onits  heated  to  about  408  C,  (928  F.) 


70.3&2 


11,418 
87.800 


[It  may  be  mentioned   that   the  calculations  showing  the  heat 

ements  and  the  heat  production  CDrrespondcd  ao  nearly,  as  to 

.  entirely  the  general  truth  of  the  two  sides  of  the  account. 

According  to  the  composition  of  the  gases,  as  given  above,  it  will 

perceived  that,  instead  of  carbon  as  carbonic  acid  to  carbtju  as 

[arbonic  oxide  bearing  anything  like  the  proportion  of  1  to  2,  the  ratio 

1 1  to  S-24  :*  in  other  words,  there  is  a  considerable  and  an  unnecessary 

I  of  carbonic  oxide.     Further,  the  cai'bon  in  the  gases  aa  carbonic 

Kl  only  amounted  to  523  per  20  units  of  iron. 
Jte  preceding  calculations  in  respect  to  the  consnmption  of  coke 
founded  on  the  heat  required  for  smelting  Cleveland  ironstone,  when 
Uring  the  blast  at  such  temperatures  as  are  within  the  power  of  stoves 
in  which  the  air  passes  through  pipes  of  cast  iron.     Gradtially  the 

tof  apparatus  known  as  Cowpcr's,  or  the  modified  form  of  this 
iple  introduced  by  my  late  friend  Mr,  Thomas  WhiLwell,  is  finding 
ised  favonr  among  iron  smelters.  In  these  the  blast,  as  is  well 
Iknovn,  IB  charged  with  heat  by  contact  with  intensely  heated 
nrboes  of  fire  brick.  I  propose  now  to  consider  to  what  extent  and 
under  what  circumstances  air  heated  to  1,400°  to  1,GOO''  F.  (760°  and 
Wl*'  C),  instead  of  aboot  1,000°  F.  (537°  C),  ia  likely  to  be  really 
beneficial  in  the  blast  furnncc. 

On  referring  to  an  opportunity  afforded  mo  of  examining  the 
working  of  two  furnaces  blown  with  this  superheated  air,  I  find  the 
following  results.  One  of  the  two,  which  I  will  distinguish  by  the 
tetter  A,  had  a  capacity  equal  to  some  of  the  larger  Clarence  furnaces^ 
ireceiring  its  blast  at  a  temperature  of  854°  to  888°,  or  an  average 

'That  18,5*23  out  uf  ^^  21, 
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of  871°  C.  (1,600°  F.)  The  other,  which  I  will  caD  B,  was  Mown  w 
air  at  730°  to  819°,  or  an  average  of  777°  C.  (1,480°  F.);  hat  it  1 
a  capacity  more  than  60  per  cent,  above  that  of  A.  The  tempenli 
of  the  escaping  gases  from  A  was  264°  C.  (507°  F.),  and  of  those  fino 
222°  C.  (431^  F.)  Now  although  A  was  thus  being  smppUed  li 
blast  94°  C.  (169°  F.)  hotter  than  B,  the  consumption  of  ftid  i 
about  20  per  cent,  more  in  the  case  of  A  (the  smaller  fnmace),  tli 
in  the  case  of  B.  Such  a  state  of  things  might  not  nnreasonablj  k 
to  the  inference  that  the  excess  of  fuel  per  ton  of  iron  in  the  cm 
A  was  due  to  its  want  of  capacity. 

Before  proceeding  to  consider  the  justice  of  such  a  snppositiaiv 
us  examine  the  performance  of  the  furnace  B,  in  order  to  oompsn 
with  that  of  furnace  A.  This  is  desirable;  for,  as  &r  as  consompti 
of  fuel  is  concerned,  the  larger  furnace  B  will  be  found  to  afford  a  i 
approach  to  what  I  have  considered  the  utmost  limit  of  economy.  ' 
do  this  the  figures  representing  the  work  of  the  two  furnaces  i 
placed  side  by  side: — 

Entlmftte  of  Heat  i^juIicumbH. 

FoniAoeA.  FanuweR 

Unitfl.  Units. 

Calories  calculated  as  heretofore  as  usef oUy 

employed  in  the  work      74.674  73,967 

Waste  by   transmission,  in  gases  and  in 

tuyere  water,  loss  at  foundations,  etc.,  etc.    13,751  1M72 


Total  calories 88,425  85,469 


The  heat  was  produced  as  under  : — 


FamaoeA. 


Burning  of  carbon  in  coke  per  20  units  of 

Iron  to  carbonic  acid: — 
Furnace  A  4*76  unite  x  8,000 38,080  — 

Do.      B  6-62  units  x  8,000 —  44^960 

Burning  of  carbon  to  carb.  oxide  including 

heat  brought  in  by  bhist         55,481  40588 


93,561  85,568 


Thus  while  B  exhibits  a  close  correspondence  between  the 
sides  of  the  account,  A  shows  the  reverse,  leading  to  the  belief  tha 
it  the  coke  consumed  must  be  somewhat  overstated. 


sBcrrioK  VTi, — fuel  required  m  blast  furkace. 
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The  vrrngbta  of  the  blast  upon  this  occasion 

were  re«pt!ctiv'eljr  jwr  20  units  yf  iron  . . 

The  escaping'  paies  amountDd  to   rtspec- 

The  arerage  t*iiuj»erature  of  the  bluat  was,.. 
^Hm  temp«*nitur«»  of  tlie  esciipiug  gnise& 
Weekly  make  per  l»000  cubic  feet  of  fur- 
nace »pace  ..         ,.,  .,         

I  In  addition  to  the  carbon  famished  by  the  coke,  there  was  that 
^ht  in  by  the  limestone,  so  that  the  total  carhon  in  the  gases 


Foroftoa  A. 

Funiii««  B. 

Uiilu. 

VulU. 

9317 

8048 

1305i 

11261 

871"  a 

77rc. 

264^  C. 

222^0. 

24:^  tons. 


15  tons. 


CmrboiUc  Add. 

CftTbonio  Oxide. 

Uf  one  tk»  Cfu 

Ftumnce  A 

4"7rj 

IICA 

3*70 

Do.      B 

5-62 

1280 

2  27 

I  am  not  in  a  position  to  name  the  actual  consumption  of  coke 

ton  of  iron  in  these  cases;  but  I  will  adopt  the  plan  wliich  has 
recently  applied  to  such  calculations  as  the  present,  viz.»  that  of 

Qating  the  weight  of  carboD,  p^er  20  units  of  iron,  from  the  com- 

adon  of  the  gases.     Although  liable  to  a  little  fluctuation,  when 

opared  with  the  coke  computed  to  be  consumed,  according  to  the 

<  used,  this  plan  will  hereafter  be  seen  to  afford  a  tolerably  lair 

oximution  to  the  truth :  and  it  may  be  olmerved  that  in  fact  it  is 
Bttle  difficalt  to  say,  with  any  great  precision,  what  weight  of  carbon 
[actually  delivered  to  a  blast  fnniace,  remembering  the  somewhat 

gh  practice  obsciTcd  at  large  iron  works,  and  the  varjitig  cc^m- 
pOKition  of  the  coke  itself,  the  impurity  of  which  in  South  Durham 
irieg  from  7 J  to  10  j>er  cent. 

According  to  the  formula  which  has  been  adopted,  it  would  appear  that 
^average  consumption  of  carbon  as  coke  on  every  20  units  of  iron,  in 
i  two  Tiaits  over  which  my  observations  extend,  was  as  under  :■ — 

Puniao;  A.  Fumace  B, 

UniU  of  carbon 20  7D  18ill 

If  to  tbe»e  liu rubers  we  add  7 J  ptT  ct-nt.  for 

the  ash,  water,  etc..  In  the  coke,  we  liiive           1'55  1*28 

¥vr  the  weigbt  of  coke  ased  per  20  nnits  of  iron    22 '34  1^'89 

Whether  these  figures  represent  the  actual  constimiition  of  coke  is 
unimportant,  because  the  ditl'erence  between  the  tno  sets  of  numbers 
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will  serve  qmte  well  to  illHstrate  the  argument  I  wifih  to  found  i 
tlic  analyses  of  the  gases. 

With  regard  to  the  performanoe  of  A,  the  lesser  fomaoe,  it  caxmi 
be  maintained,  cither  as  a  matter  of  capacity  or  of  heat  of  bhist,  thai 
there  is  here  any  want  of  power.  Thi»  opinion  is  founded  on  the  fa^ 
that  there  are  at  the  Clarence  Worka  furnaces  very  little  more  i 
half  the  size  of  A,  doing  20  per  cent,  more  work  per  1,000  cubic  i 
of  capacity^  and  blown  with  air  at  a  little  above  1,000°  F.  (bSS°  C); 
theee  ftimaoes  are  consuming  Vfty  mtich  less  coke  than  A  was  doing. 

The  action  of  one  of  the  famacea  jnet  referred  to  provee 
nnmiatakably  the  correctness  of  the  views  just  laid  down,  that  I  hav 
eiEprcady  had  a  set  of  caiefnl  observations  made  on  its  mode  of  working 
to  eerve  as  a  mediom  of  comparison. 

It  was,  according  to  the  Charging  Book»  consoming,  per  '20  uniti 
of  iron,  calcined  ironstone  46*20  miita^  coke  20'40  nnitSi  limesti 
9-38  nnita.   The  temperature  of  the  blast  was  563^  C.  (1,045*'  F.^i 
that  of  the  escaping  gases  2$2«*  C.  (503*>  F.) 

The  beat  evolved  wia  pBtiniilyfl  a«  follows: — 

18-77 
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Cok«  «H.  Urn  nil.  etc.  1^  -  i 

Csrlna  in  UineBtone^  carrTing' off  sn  tqral  wts^ttrGm  coke 


L^Bvimr  to  be  Imnit  by  lAmst 


17-65 


Anafyses  of  the  gases  proved  the  carbon  to  be  oxidised  in  the  M-| 
kvii^  way:— 


m  cttrbflBie  i 


12*17 
17« 


Total 


H  2,400 

« 

CL 

>  43310 

bHted  to 

73.048 
-  11,7*4 

e«d 

,  s%,m 

L  the  vi^  ihMdj 

Tbe  niio  of  oubom  I 
1  to  mi  mi  Uw  < 


T^  Amij  with  ihm  heal  roquirementit  | 


•eid  lo  ciriMQ  as  carboaic  oxide  i 
the  ^fmatiij  of  c 

rm.z  :^40ewti.| 
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fignr^  showing  the  rcsutte  of  the  two  famaces  in  question 
Ifore  stand  thus:— 


VtmmoeA^ 


h  of  esCRpjng:  jEiMW*  . 
I  per  week  per  l.tXKI  cubic  ft, 
lion  uf  carbon  a«  carbonic 
otitie  to  QUO  of  carbon  m  our- 


853'=  C.  (hmi"  F.) 
Siitoiu 


40  per  cent,  tern 
CApocily  than  A. 

sere.  (1.0^5^  F.) 

2*52"  C.{    SOi^F.) 
aO  taiit 
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in  giiMSft  and  in  20  units 
"j5gf  imn  1L3  famlslt«(1  by  coke, 
CAtrnwtcd    by    formuU    from 
Uietr  eomposition 

I  f  untiflb^  by  coke  ms  esti- 
L  frt^n  cburging  book    ,.. 


20-79  uniU 


2-22 


18*85  ODiti 


18-77  miit* 


be  waste  of  fiiel  conseqnent  upon  irregniar  passage  and  distribution 
redndng  gases  has  been  already  adverted  to.  If,  however,  the 
A  were  working  under  such  nnfavourable  conditions  as 
I  pireTlt/usly  alluded  to^  there  is  no  reason  why  carbonic  acid  ouce 
sliottld  not  escape  as  such.  The  ratio  of  carbon  as  carbouic 
\  I©  carbon  as  carbonic  acid  would  of  course  be  disturbed,  owing 
rocoeastve  quantity  of  coke  used  in  tlie  case  of  furnace  A ;  because, 
\  tht  generation  of  carbonic  acid  is  limited  by  the  oxygen  separated 
[  the  <»re  in  the  process  of  rediictioD,  all  such  excess  of  carbon  must 

I  way  out  of  the  fdmace  m  carbonic  oxide, 
bis  however  constitutes  no  ground  why  there  should  be  a  greater 
earance  of  the  carbonic  acid  itself  in  the  one  furnace  than  in  the 
The  figures  representing  the  difference  in  this  respect  may  not 
•  of  much  importance ;  but  when  the  results  are  worked  out  their 
ace  at  once  impresses  itself  upon  the  nu'nd, 
the  two  furnaces  descTibed  as  blow^i  with  superheated  air  I 
i^  tQclosiTe  of  the  heat  contained  in  the  blast,  that  each  unit 
burnt  by  the  air  entering  the  tuyeres,  aftorded  from  its 
oxidation  nearly  15  per  cent,  more  heat  in  the  case  of  the 
B  than  in  that  of  A. 
^ot  only  have  we  the  loss  fi*om  the  difference  of  combustion  above 
I ;  bttt^  owing  to  the  larger  consumption  of  coke  in  the  case 
ftoiace  A,  the  weight  of  the  escaping  gases  is 
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larger  than  in  B,  and  in  consequence  the  loss  from  thia  sonmel 
con'espondingly  greater.    This  last  cause  of  loss  was  made  m 
spicuous  upon  a  former  occasion  as  to  require  no  eolargifi^  upon  i 
present.    At  page  97,  in  comparing  the  duty  of  an  80  feet  with  tbail 
a  48  feet  furnace,  in  the  case  of  the  former  8,860  calories  were  < 
off  in  the  gases,  whereas  in  the  lesser  furnace  no  less  than  16J 
were  so  lost,  and  this  in  consequence  of  the  greatly  increased  to 
the  gases,  escaping  also,  it  is  true,  at  a  somewhat  hit^her  tetn| 

It  is  perhaps  unnecessary  to  say  that  it  is  not  only  a  waste  ».if  t 
once  generated  that  we  have  to  deal  with  in  fdmace  A ;  bat  mt\  \ 
cause  which  has  interfered  with  its  generation.     In  other  wordij 
question  is  in  what  manner  the  formation  of  carbonic  acid  in  the  | 
has  been  impeded,  or,  if  not  impeded,  what  has  caused  its 
pearance. 

In  comparing  the  duty  of  the  old  furnaces  of  48  feet  with  ihtmi 
80  feet,  the  cause  of  the  disappearance  of  carbonic  acid,  or  the  i 
of  the  ore  by  solid  carbon  forming  carbonic  oxide— it  is  imc 
which — was  considered  to  arise  from  reduction  being  effected  in  i 
of  the  furnace  where  the  tem])erature  was  too  high  for  carbonic  add! 
exist  in  the  presence  of  carbon.      The  diflTerence  bttween  the 
furnaces  in  this  respect  is  shown  again  in  Figs.  1  and  2  Plale ! 
in  which  it  will  be  perceived  that  the  region  of  lower  temj 
coloured  dark,  is  much  more  extensive  in  the  section  of  the 
than  of  the  smaller  furnace.     Let  us  suppose  however  that  vre  pour  I 
vast  amount  of  heat  with  the  blast,  a  great  portion  of  which  is  inter 
by  the  material,  and  is  returned  over  and  over  again  to  the  tuyereif 
the  manner  already  described;  then  it  is  not  unreasonable  to  inia 
that  the  region  of  less  elevated  temperature,  in  an  80  teet  furnace, 
be  so  diminished  as  to  approximate  in  capacity  to  that  of  Fjf  2, ' 
represents  one  of  48  feet.    In  such  an  event  it  is  clear  the  same  1 
which  accompanies  the  reducing  action  in  the  lesser  furnace,  wjI^I 
manifest  itself  in  the  larger;  viz.  that  solid  carbon  will  perform  th^l 
office,  or  else  the  carbonic  acid  generated  by  the  deoxidation  of  the  i 
will  be  resolved  into  carbonic  oxide  by  dissolving  airbon. 

There  only  remains  to  say  a  few  words  on  the  manner  in  whiclt 
the  larger  furnace  B  has  done  its  work.  The  first  important  poiD^ 
requiring  obser\'ation  is  the  very  small  amount  of  duty  performed  by 


h.\ 


•t'^i^ 
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fiinuioe  of  wich  capacity ;  in  point  of  fact,  for  like  space,  it  amounts 
K>  cmly  &6  per  cent,  of  the  work  done  by  its  lesser  neighbour  A,  and 
Qnlj  to  50  per  cent,  of  that  of  some  fiimaoes  elsewhere.  I  Hdmitf 
the  mfttter  of  consumption  of  coke,  that  this  large  furna<%  is  pro- 
g  a  ton  of  iron  for  something  lees  coke  than  has  been  done  for 
together  by  fnmaces  half  its  size,  making  twice  as  much  iron 
1,000  cubic  feet  of  space,  and  blown  with  air  300^  C.  (540**  F.) 

in  temperature. 

An  instance  has  recently  been  brought  under  my  notice  whei'e  an 
80  feet  ftimace,  probably  from  defects  in  the  stoves  or  in  the  condition 
of  the  furnace  itself,  or  for  both  these  reasons,  was  making  350  tons  of 
fcrgc  iron  per  week,  with  the  high  rate  of  consumption  of  25^  cwta. 
coke  per  ton  of  iron.  Fire-brick  stoves  now  deliver  the  blast  at 
I**  to  1,450^  F,;  and  the  ftiel  has  been  reduced  to  21 J  cwts-,  while 
make  has  risen  to  500  tons  per  week.  In  sach  a  case  as  this  it 
of  oonifie  be  nnresjsonable  to  give  superheated  air  the  credit 
«mg  3|  cwts.  of  coke ;  particularly  when  the  reduced  consump- 
—  21^  cwte.  —  is  in  reality  by  no  means  an  unusually  low 
ty  of  fiiel  for  prcwiucing  f«fjrgc  irou  with  blast  of  moderate  tera- 


A  considerable  expenditure  of  heat,  and  therefore  of  fuel,  accom- 

i  the  use  of  the  unusual  quantity  of  limestone  needed  in  smelting 

J  ironstone  of  Cleveland;  wMie  the  slowness  with  which  this  mineral 

I  rednced  renders  the  use  of  large  furnaces  indispensable  for  its 

aical  treatment.     As  a  contrast  to  thefic  results  may  be  adduced 

J  work  performed  by  two  furnaces,  smelting  the  easily  reduced  hema- 

ore  of  Bilbao.    These  examples  prove  the  large  amount  of  work 

oae  in  a  small  amount  of  furnace  capacity,  and  the  small  amoim^t  of 

land  therefore  of  coke  required,  as  compared  with  Cleveland  stone. 

figures  of  the  larger  funiace  also  demoustnite  the  possibility  of 

l&aldng  iron  with  almost  a  theoretical  minimum  of  coke  previously 

I  on,  with  blast  of  moderate  temperature.    It  should  be  observed 

^the  iron  made  was  for  Bessemer  steel  purposes,  and  attention  is 

in  the  case  of  the  loftier  funiace  to  the  relation  the  two 

rides  of  carbon  bear  to  each  other. 
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Fonttoe  57  feet  high. 
Cubic  capacity,  feet       7>630 

FonweeTOfBtkUik. 
9,550 

Temperature  of  blast     491' 

•  C.  (916^  F.) 

622^0.  (971  F.) 

Do.         escapiug  gaiies     ...     301* 

'  C.  (674**  F.) 

205'»C.(401F.) 

Coke  used  per  20  units  of  iron... 

23-21 

17^ 

Ore                 do.          do. 

3913 

88-92 

Limestone      do.         do. 

6-90 

4-86 

Average  weekly  make 

437  tons. 

616  toot. 

Weekly  make  of  iron  per  1,000  ft. 

of  capacity 

m    n 

64J    . 

The  heat  required  for  the  actual 

work  performed  in  the  fur- 

nace was  estimated  by  the 

same  rule  as  that  adopted 

with   aeveland   iron.*      It 

62,805 

60,271 

Heat  lost    by   transmission,   in 

gMes,etc 

20,361 

16,294 

Total 

83,166 

76,666 

FaroAoe  57  teet 
Weight  of  blast  per  20  units  of  iron            98*67 

Fnnifoe  70  feet 
76-76 

The  estimated  weight  and  composition 

of  the  gases  per  20  units  of  pig  were : 

Nitrogen         

7619 

58-50 

Carbonic  acid...          

15-21  -  C 

415     19-69 -C  51 

Carbonic  oxide            

42-23  -  C  18-09     2617  -  0  U1 

Water  in  coke  and  in  ore      

7-65 

7-8« 

Hydrogen        

•08 

•06 

Units  of  carbon  as  carbonic  oxide  per 

140-26 

111-74 

unit  of  carbon  as  carbonic  acid    . . . 

4-35 

209 

Heat    evolution    by   combustion    of 

Calories. 

Calories. 

carbon         

73,560 

.    67,944 

Heatinbhist 

11,479 

9.495 

85,039 
Appropriation  amount  was  shown  to  be       83,166 


77,439 
75.565 


About  4,000  calories  were  considered  as  absorbed  in  conyertii 
the  water  contained  in  the  ore  into  steam. 


*  In  both  cases  the  temperature  of  the  escaping  gases  is  low,  due  to  tht  fi 
tliat  the  ore  was  hematite  and  contuncd  a  certain  quantity  of  water. 


^■^ 
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do    not   p088es6  anj  better  example  iUnst^ating  the  Talue  of 
in  the  capacity  of  the  furnace  thau  that  afTorded  bj  the 
i  jmrt.  given.    The  results  further  confirm  much  of  that  which  has 
Ivanoed  in  these  pages.   We  have  the  lesser  furnace  doing  a  large 
of   work  with  a  ooraparatively  small  oonsmnption  of  coke 
Mts  «be  <28'21  cwts.  per  ton),  o^^ing  to  the  retdineas  with  which 
is  redaoed  and  the  small  quantity  of  flux  required.     In  the 
fitmace,  by  running  at  a  somewhat  reduced  speed  (54^  tons 
^1,000  cubic  feet)  the  operation  is  performed  under  conditions 
,  if  I  am  correct  in  the  hypotheses  abeady  set  forth,  form  a  close 
Diimation  to  perfect  oxidation  of  the  fiiel,  inasmuch  as  the  carbon 
unic  acid  to  carbon  as  carbonic  oxide  is  as  1  to  2-09^ — 1  to  2 
:  considered  as  the  extreme  limit, 

be  truth  of  the  statement  is  particularly  apparent^  when  the 
brmance  of  the  furnaces  is  contrasted  with  that  of  a  furnace  of 

cubic  feet  capacity,  smelting  Cleveland  stone,  given  page  97- 

i^'ith  blast  at  a  temperature  of  485°  C.  (905°  F.)  the  gases  escaped 

&2^  C-  {SiQ'^  F.) — a  temperature  partly  due  to  heat  in  the  ironstone, 

[consumption  per  20  units  of  pig  (No.  S  quahty)  was  as  follows : — 

I  28'1*2,  limestone  IG'OO,  ironstone  48*80  ;  weekly  make  223  tons, 

Ions  per  1 ,000  cubic  feet. 

It  may  be  mentioned  that  every  pains  was  taken  in  the  hematite 

to  confirm  the  correctness  of  the  weighings;  but  in  addition 

I  precautions^  the  composition  of  the  gases  indicate  the  general 

I  of  the  weights,  and  of  the  analyses;  which  latter  were  most 

jfolly  performed  by  Mr.  Rocholl  at  the  Clareuce  laborat<3ry.    The 

lies,  like  aU  those  in  recent  experiments,  were  collected  over  a  period 

DfGe  hours. 

|!rhe  carbon  found  by  a  calculation  based  on  the  composition  of  the 

i  was:  Furnace  of  57  (eet. 

C«rbofi  from  coke  per  20  nnita  of  iron  ...  21*14 

Add  for  impurities  m  coke  10  per  cetii.  2'35 
€awt9  weiglii  of  carbon  m  coke  eatiniAted 

fnmi  the  iutt]j<e«  of  the  gues      ...  2349        ...        17'6t 
The   wdgbt   of  coke  estiomted  by  the 

cli&rge  book  WA<       23'21         ..,         17'60 

[lusion  was  made  at  the  beginning  of  the  present  Section  to  the 
ae  importance  sometimes  attached  to  mere  richness  of  an  ore  in  tlie 


Fam»ceol70i 
15-85 
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metal  it  contains.  This  observation  had  exclusive  refeience  to 
quantity  of  coke  required  for  smelting  it;  in  respect  to  which  a  b( 
sometimes  prevails  that  the  amount  of  fuel  consumed  bears  a  di 
arithmetical  ratio  to  the  richness  of  the  ore.  Thus  an  ironstone  jidi 
42  percent,  of  iron  would  require,  eateris  paribus,  one  sixth  leal 
in  the  furnace  than  a  similar  ore  yielding  86  per  cent.  If  there  bei 
truth  in  what  has  been  advanced  in  these  pages,  such  an  opinia 
evidently  fallacious.  The  quantity  of  heat  unquestionably  wiQ  In 
excess  of  that  demanded  by  the  richer  stone,  because  the  place  of  m 
is  taken  by  earthy  matter  which  must  be  melted;  but  not  necesBai^ 
the  extent  suggested. 

It  is  an  easy  problem  to  compare  the  heat  requirements  of  1 
specimens  of  ironstone,  the  one  yielding  42  per  cent,  and  the  other 
per  cent,  of  pig  iron ;  and  here,  in  order  to  avoid  complication,  we  i 
consider  pig  iron  and  pure  iron  synonymous  terms. 

OOMPOSinOK  OF  IBOHSXOIIB. 

42  per  Cent.  Ore.       36perOenlOA 
Percent.  FerOMt 


Iron     

42 

36 

Oxygen           

18 

15*48 

Earths            

40 
100 

•     48-67 

Kxyoo 

Hence  the  earths  per  ton  of 

iron 

Owto. 

Owt& 

amounts  to  exclasi  ve  of  ash  in 

coke 

19-05 

26-98 

Lime  in  10  cvrts.  of  limestone 

... 

560 

Do.  in  14*15  cwts.,  being  propor- 

tionate increase  for  additional 

earths 

... 

— 

7-92 

Cwts.  of  slag  per  20  cwts.  of  iron        24*65  34*90 

By  reference  to  the  table  of  heat  requirements  given  in  this  Secti* 
we  can  see  the  additional  heat  units  demanded  for  the  increase  in  t 
amount  of  sterile  matter  to  be  dealt  with. 

HMftUi 
Expul^on  of  carbonic  acid 

from  additional  limestone  (14*15  —  10)  ->  415  x  870  i- 1,611 
Decomposition  of  additional 

carbonic  acid  in  limestone  —  (1*69  —  1*20)  carbon,  or  *49  x  3,200  —1,50 

Fusion  of  additional  slag            (34*90    -  24*65)    10*25  x     550  -6,6S7 

mi 
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one  unit  of  coke  biimt  with  blast  to  the  state  of  carbonic 
«t  about  1,000°  R  (5S8°  C.)  may  be  taken  as  affording  3,137 

\  or  onitB;  and  ^- „  —  2"81  unita  of  coke  required  in  excess 
3,107  ^ 

poorer  over  the  richer  ore.  But  taking  22  units  of  coke  as  the 
Lent  of  the  richer,  3'OG  units  of  fuel  would  have  been  the 
to  be  made,  were  the  ratio  of  the  increaae  an  arithmetical 
tanking  the  total  25^fiC  instead  of  24*81  (2200  -f  2-81). 
a  following  Section,  to  be  devoted  tci  a  mure  minute  view  of 
chemical  reactions  set  up  in  the  interior  of  the  blast  fnmaoe, 
grounds  will  be  given  for  believing  that  in  smeltiug  iron,  as  a  rule, 
units  of  carbon  in  the  form  of  carbonic  acid,  per  20  units  of  iron, 
extreme  limit  to  which  this  higher  oxide  of  carbon  is  generated 
le  furnace.  It  is  doubtful  however  whether  so  large  a  quantity 
Wbon  as  this  is  very  often  found  in  the  gases  as  carbonic  a^id ; 
being  always  a  pr'^isposition,  when  the  oxidizing  and  reducing 
sncies  of  the  gases  approach  the  theoretical  equilibrium,  for  car- 
ac  acid  to  be  reduced  in  its  amount.  When  Iiowever  there  is  any 
tble  weight  of  akg,  as  in  the  case  of  poorer  ironstones,  it  has 
ie  fiised  by  the  combustion  of  an  addition  to  the  coke;  and  this 
being  exclasively  converted  into  the  lower  oxide  of  carbon,  from  the 
\t  of  oxide  of  iron  to  acidify  it,  the  reducing  tendency  of  the  gases 
k pro  ionic  intensified.  Thus  a  uearer  approach  to  the  full  quantity  of 
carbon  as  cai^bonic  acid,  viz.  (J*58  units,  is  obtained,  by  complete  reduc- 
tioD  taking  place  before  the  materials  reach  a  zone  the  tempemture  of 
which  permits  cwbon  to  decompose  carbonic  acid.  In  this  way  more 
carbon  is  made  to  evolve  8,000  instead  of  2,400  calories,  and  thus 
the  general  store  of  heat  is  thereby  increased. 

The  estimate,  it  will  he  observed,  has  been  founded  on  the  assump- 
tion that  the  higher  percentage  of  earthy  matter  retjuires  for  its  fusion 
a  corresponding  addition  of  limestone.  This  by  no  means  follows,  for 
it  might  easily  happen  that  so  great  a  propoi-tion  of  the  new  sterile 
ooDstitnents  of  the  ore  consisted  of  lime,  as  to  render  more  flux  super- 
fluoQs. 

By   the   kindness   of   an  esteemed  neighbour,    I   possess    some 
interesting  particulars  of  the  working  of  a  furnace  using  ironstone  of 
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the  Oleveland  type,  in  which  the  consmnption  of  fael,  looking  at  I 
poorness  of  the  mineral,  is  smaller  than  I  have  elsewhere  found  iti^ 
the  course  of  my  experience. 

The  ftimaces  he  uses  are  80  feet  high,  with  a  capacity  a? 
aging  15,500  cubic  feet.    The  calcined  ironstone  only  yields  841 
per  cent,  of  iron,  the  additional  earthy  impurity  however  being  i 
nate  of  lime,  the  limestone  used  is  only  10*2  cwts.  per  ton  of  i 
The  average  make  of  the  furnaces  is  360  tons  a  week,  prodn 
during  my  observations  pig  of  the  average  number  of  8*5  with  J 
cwts.  of  coke  per  ton,  equal  to  23^  tons  per  1,000  feet  of  capadlji 
week. 

For  all  purposes  of  the  furnace,  we  may  assume  that  the  i 
ments  are  about  the  same  as  those  using  a  similar  weight  of  coke  i 
limestone  on  the  banks  of  the  Tees,  and  that  the  only  difEerence  in  i 
instance  under  consideration  is  in  the  greater  weight  of  earthy  ] 
associated  with  the  ironstone.    Instead  of  24*65  cwts.  of  slag;  ^ 
accompany  the  use  of  a  stone  of  42  per  cent,  of  iron,  we  shall  have  in  t 
present  instance  about  83*25  cwts.,  or  an  increase  of  8*6  cwts.    N« 
8*6  cwts.  of  slag  wiD  require  (8*6  ^  550)  4,730  heat  units  for  i 
fusion;  and  this  is  really  all  the  additional  heat  needed  for  ihisi 
stone  over  and  above  that  absorbed  in  smelting  ore  yielding  42  ] 
cent,  of  pig  metal. 

It  has,  however,  been  demonstrated  that  when  a  ftimace  is  reoei? 
even  less  than  the  quantity  of  coke  consumed  in  smelting  this  ] 
ore,  the  oxygen  combined  with  the  iron  does  not  acidiiy  carbonic  < 
beyond  a  point  which  permits  reduction  to  proceed  with  soitaUtl 
rapidity.  The  generation  of  carbonic  acid  being  entirely  due  to  At] 
presence  of  the  oxide  of  iron,  no  increment  of  this  gas  takes  lte| 
from  the  fact  of  a  mere  increase  of  earthy  substances  having  to  I 
fused  ;  and  it  is  therefore  a  matter  of  indifference  whether  the  i 
heat  required  for  this  fusion,  proceeds  from  the  combustion  of  0(ft»  tf  | 
it  is  brought  in  with  the  blast. 

This  is  exactly  a  case  where  superheated  air  is  most  beneficial 
furnace  gases  themselves  are  capable  of  supplying,  free  of  oost^  ( 
necessary  heat  to  the  fire  brick  stoves;  and  all  that  is  required  ii  i 
return  it  in  the  blast  to  the  materials  under  treatment 
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II  ti  ^asj  to  prove  how  the  additional  heat  for  fusing  the  additional 
supplied  by  referring  to  the  returns  sent  to  me  by  the  friend 
hom  I  am  indebted  for  these  particuljirs. 

In  one  of  the  Clarence  furnaces,  of  1 1,500  cubic  feet,  using  22*32 

of  coke  per  ton  of  iron,  IOS'74  cwts.  was  the  estimated  weight  of 

blast,  and  it  was  heated  to  905**  F.  (485*=  C.)     The  heat  nnita 

fore  contained  in  this  volume  of  air  consumed  would  amount 

11,£>19*     In  the  case  of  the  poorer  stone  under  consideration,  we 

ij  take  the  air  entering  the  furnaces  at  the  tuyeres  as  weighing 

cwt8.,  which  heated  to  GC^°  C.  will  carry  with  it  16,473  heat 

itfii  or  4»554  more  than  the  less  highly  heated  blast  at  the  Clarence 

This  agrees  within  17S  units  with  the  quantity  (4,7S0)  shown 

needed  for  fusing  the  extra  weight  of  slag. 

The  light  thrown  upon  the  action  of  the  blast  furnace  by  these  figures 

be  of  great  value  in  the  future,  to  the  iron  smelters  canying  on 

r  work  on  the  northern  edge  of  the  great  Cleveland  deposit  of 

>ne.    This  seam  of  mineral,  at  its  outcrop  there,  is  S  to  10  feet 

and  continues  pretty  uniform  in  its  content  of  iron  for  a  distance 

2  to  3  miles  in  a  southerly  direction.     Before  arriving  at 

nt  a  band  containing  a  good  deal  of  shale  shows  itself, 

its  nevertheless  of  being  in  a  great  moasure  separated, 

portion  which  remains,  however,  together  with  other  smaller 

of  shale,  reduces  the  yield  of  iron  in  the  furnace,  reckoned  on 

calcined  ore>  from  42  to  about  3H  per  cent.    The  larger  band 

loally  thickens  and  changes  into  pure  shale;  it  then  splits  the  seam 

two  distinct  beds  separated  by  a  distance  of  seveml  yards,  which 

worked  in  Eskdale  as  the  Pecten  aud  Avicula  seams,  and  are  of 

ior  thickness  tcD  the  main  bed  fmther  north.    The  increase  of 

bonds  in  both  is  such,  that  the  raw  stone,  instead  of  containing 

to  S2  per  cent,  of  metal,  scarcely  exceeds  25  per  cent.;  and  the 

ed  mineral  falls  in  yield  from  42  to  35  per  c^ent. 
The  power  of  tlie  smelter  to  deal  with  an  ore,  so  much  poorer  than 
iHt  to  which  he  is  at  present  almost  exclusively  accustomed,  with  so 
^Bll  Ml  extra  quantity  of  coke  as  that  indicated,  is  a  circumstance  of 
Hkt  importance;  and  confers  a  value  upon  the  fire  brick  stove,  which 
^does  not  possoas  to  the  same  extent  in  the  treatment  of  the  richer 
ctoiifi* 
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All  the  |>rec<?dmg  calculations  and  statements  have  been 
tiifj  BupiKjBition  tbat  the  fuel  employed  in  the  blast  ftimace  was  oo 
It  IB  now  proposed  to  offer  ft  few  remarks  on  the  other  combtuci 
mibstatiees  used  for  obtaining  the  necessazy  temperature  in  smelt 
lr*tn. 

A|i  amount  of  fixed  carbon,  not  exceeding  that  given  in  I 
ainU^siti  of  Durham  bitmninous  coal»  does  not  of  itself  prevent  I 
piiHlut'ti  of  certain  collieries  being  advantageously  used  in  the  f 
KUite  in  the  blast  fhraace.  The  Durham  coal  owes  its  power 
niaking  excsellent  coke  to  its  "caking"  property;  in  other  words 
iti  lietjoming  sufTiciently  fused  in  the  oven  to  run  together  in  c 
mask  This  property,  however,  is  the  reverse  of  being  desirable  in  I 
bliit  flimaoOt  booanse  the  agglomeration  of  the  cx>al  may  bar  the  aoQ 
of  the  reducmg  gaaes  t(^  the  ore;  or,  by  binding  together  the  contea 
filling  the  stnictnre,  prevents  that  regular  descent  of  the  materii 
thio  importance  of  which  has  been  dwelt  on  in  these  pages. 

Tlu*  following  analyses  of  the  fomace  splint  of  Airdrie 
BooUud*  and  of  tbe  bituminous  ooda  of  Durham  as  well  as 
8oolliii4  will  aiiow  thai  iwmfihing  aptrt  from  chemical  compoiiti 
fmhin  tbo  flnt  tf^liodbfe  in  ihe  mw  state  as  a  tonace  fuel,  while! 
Iiio  tellir  iit  nogiyrM  is  adll  for  snd^  ^ 
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Kbk  are  that  it  avoidi«  the  expense  of  cokings  and  saveg  the  occc^ssaiy 

Hie  of  a  portion  of  tlte  solid  carbon,  which  takes  place  when  the 

Babioii  of  the  Tolatile  oonBtitueots  is  effected  in  the  presence  of 

Kospberic  air.    Against  these  have  to  be  set  the  providing  of  the  heat 

Hured  in  the  blast  furnace,  for  driving  off  the  gaseuns  portion  of  the 

pir  fiiel.     If  this  be  taken  at  2,000  calories  per  unit  of  gas  cxi^elled, 

"ttd,  aBSumlDg  a  Scotch  furnace  of  the  old  type,  say  of  45  feet  in 

to  consume  50  kilogrammes  per  20  kilogrammes  of  iron,  there 

JO  kilogrammes  of  volatile  matter  to  evaporate-     It  is  impoa- 

able  in  the  case  just  cited  to  calculate,  by  direct  observation,  the  actual 

^OBSOmption  of  fuel  required  to  expel  the  20  units  of  volatile  matter; 

aufie  the  furnace  being  open  at  the  bop,  the  flame  of  the  burning  gaa 

Ij  aids  the  work  of  distillation. 

The  gas  emitted  by  the  coal  consists  chiefly  of  light  carborctted 
I;  and  its  quantity  and  specific  gi^avityare  such  that,  when  its 
fame  IB  added  to  that  of  the  extra  carbua  burnt  for  its  expulsion, 
I  volume  of  the  reducing  gas  is  immensely  increased,  as  comj)ared 
I  what  it  would  have  been,  had  coke  l>een  used  instead  of  raw  coal. 
Such  a  change  of  coui^se  means  that  over  a  given  period  of  time, 
the  same  quantity  of  pig  iron,  a  much  larger  volume  of  reducing 
I  would  pass  over  the  ironstone,  compared  with  that  given  off  when 
is  the  fuel  employed*  Now  I  ascertained  by  direct  experiment 
'*  oxide  of  iron  lost  2' 12  times  the  quantity  of  oxygen  when  21:1  litres 
of  the  reducing  gas  were  passed  over  it  in  6  hours,  as  when  G5  litrea 
of  the  same  gas  were  consumed  in  the  same  time  and  at  the  same  tem- 
perature: in  other  words,  the  addition  of  228  per  cent,  to  the 
^\nm^  of  gaa  caused  an  addition  of  212  per  cent,  to  the  oxygen 
extracted. 

This  great  addition  to  the  deoxidizing  powder  of  the  furnace  may 

DB  permit  a  much  more  rapid  rate  of  driving,  than  where  coke  m 

^PW^yed;  and  loay  thus  account  for  the  lai-ge  make  in  the  very  small 

^g^^aces  as  aged  still  very  largely,  in  Scotland.    In  these,  with  a  capacity 

HtT^  ^.000  cubic  feet,  (height  42  by  14|  feet)  above  200  tons  are  run, 

^■M^  40  tons  per  1,000  cubic  feet  per  week, 

.    *L  ^B^^us  as  is  without  doubt  the  increase  of  reducing  energy 

nnw    A       /^^^*^   the  large  volume  of  gaseous  substances,  rushing 

€^feat  violence,  carries  with  it  a  great  quantity  of  sen- 
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Bible  heat;  but  the  experience  of  the  Scotch  smelters,  in  addinj 
the  height  of  their  furnaces,  had  not  until  recently  been  such  ai 
induce  them  largely  to  follow  the  example  set  them  in  Cleveland. 

In  the  year  1870  however,  Mr.  William  Ferric  of  the  ModUi 
works  described  at  a  meeting  of  the  Iron  and  Steel  Institute 
furnace  83  feet  high,  in  which  the  coal,  as  it  descended,  passed  throt 
chambers  heated  red  hot  by  the  combustion  in  flues,  constructed  onfce 
of  the  chambers  themselves^  of  a  portion  of  the  furnace  gases, 
this  contrivance  the  consumption  of  coal  on  the  ton  of  iroo  y 
reduced  from  about  51  cwts.  to  35^  cwts.;  and  the  weekly  make  i 
increased  from  185  tons  to  224  tons. 

It  seemed  doubtful  to  me  at  the  time  whether  the  saving  was 
due  entirely,  or  in  great  part,  to  the  mere  addition  to  the  height 
the  furnace.  Subsequent  investigation  led  me  somewhat  to  moc 
this  opinion,  but  since  then  I  am  informed  that  by  the  use  of  Ic 
furnaces,  without  any  coking  chambers  on  the  top  as  designed 
Mr.  Ferrie,  the  ton  of  iron  is  obtained  at  an  expenditure  of  about  8.' 
40  cwts.  of  coal.  Certain  it  is  that  a  very  great  reduction  in  the  o 
sumption  of  fuel,  as  might  have  been  anticipated,,  has  accompan 
this  change  of  capacity;  but  to  Mr.  Ferrie  is  due  the  credit  of  hav 
first  successfully  applied  the  experience  of  the  tall  furnaces  of  Clevek 
to  the  minerals  of  Scotland. 

Somewhat  inconsistent  with  the  disfavour  in  which  the  raw  c 
of  the  County  of  Durham  is  held  by  furnace  managers,  is  the  experiei 
and  practice  of  the  North  Staffordshire  smelters.    Their  coal  is  oc 
monly,  but  not  invariably,  used  with  a  small  portion  of  coke, 
about  one-fifth  of  the  latter.     The  raw  coal  contains  only  56 
cent,  of  solid  carbon,  and  but  2*7  per  cent,  of  ash.     It  appears  in 
laboratory  to  cake  as  freely  as  that  of  the  North  of  England,  and 
the  smelters  have  no  difficulty  in  using  it  in  furnaces  having  a  heij 
of  70  feet.    The  consumption  is  about  26  cwts.  of  raw  coal  and  C 
coke,  equal  to  37  cwts.  of  raw  coal,  per  ton  of  pig  iron.    The  limeafa 
consumed  is  about   40  per  cent,  less  than   in  Cleveland,  and 
ironstone  is  richer,  so  that  about  8  cwts.  less  ore  is  used,  per  ton  of; 
metal,  than  at  Middlesbrough. 

Not  having  sufficient  opportunity  of  examining  the  facts  conned 

»   r«i«  Transactions,  1870. 
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10,641 

6.468 

20,741 


Hk  the  use  of  raw  coal,  I  can  only  deal  in  a  somewhat  hypothetical 
Hlnner  with  the  heat  required  for  expelling  the  gases  it  contains. 

The  North  Staffordshire  example  jast  given  was  tliat  of  a  farnace 
70  feet  high  with  a  closed   top,  and   using  super-heated  air  at  a 
Intern peratnre  of  785°  0.  ( 1,445*^  F.)    In  comparing  its  perfomianoo  with 
Jleveland  furnace  using  21  cwts.  of  coke  with  blast  at  1,000^  F. 
the  following  figures. 
lie  reduced  weight  of  carbonic  acid  in  the  lesser  weight  of  lime- 
used,   and  the  greater  weight  of   fuel  employed  in  North 
Qrordshire  permit  a  larger  weight  of  carbon  to  reach  the  tuyeres 
occurs  in  the  Cleveland  case  adopted  for  comparison.      This 
a  diflTerence  in  favoar  of 

North  Staffordshire  in  heat  avolv^  at  the  hearth  of    ,., 

htoA  CO,  in  liioestoxie  to  expel  and  docompoee 

Lener  weight  of  slug  to  fu«e  11*^6  cwta.   x    S&O  in) 

Staffordshire  than  in  Geveland         J 

Leaving    for    cicpulsion   of    gases    from    raw    coal    in^ 

Staffordshire    ...  ,.  J 

The  volatile  matter  in  :£6  cwts.  of  coal  at  40  per  cent,  gives  10'4 

» of  gas  to  be  expelled,  and      '* .   ~  1,994  calories  per  unit  of  gas, 

len  we  compare  this  with  the  number  formerly  considered  as  being 
bed  by  this  function,  viz,,  2,000  calories  per  unit  of  gas,  the 
approximation  ia  a  remarkably  close  one. 

The  cause  of  a  waste  of  fuel  in  furnaces  of  insufficient  capacity 

kw  been  explained  as  being  partly  that  the  escaping  gases,  owiug  to 

high   temperature,   carry  away  a  large  amonnt  of  heat,  and 

that  they  are  charged  with  less  carbonic  acid  than  they  are 

of  holding.      Both  these  detects,  as  has  been  shown^  are 

oipftble  of  removal  by  a  suitable  increase  of  capacity,  varying  in 

tmouat  with  the  quality  of  the  ore  under  treatment. 

R)r  the  purpose  of  comparison  we  will  confine  oui^selvcs  to  farnaoea 
5«in|  Cleveland  stone;  and  once  more  I  must  rei>eat  what  htis  already 
{wriiapg  been  sufficiently  insisted  on,  viz,,  that  as  soon  as  one-third  of 
the  carbon  in  the  gases  is  converted  into  carbonic  acid,  and  is  cooled 
4o«ni  to  a  temperature  of  about  400^  to  500''  F.  (205^  to  260°  C), 
*tl  ftmber  enlargement  is  unnecessary;  because,  as  I  maintain,  all 
"ttlhcr  wxinomy  of  fiiel,  dependent  on  these  causes,  is  impossible. 
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The  drift  of  these  observations  and  what  has  preceded,  is  to  proT 
that  something  like  12,000  feet  of  capacity  and  air  at  563^  C 
(1,045^  F.)  are  very  near  the  nsefal  limits  as  to  size  of  fomace  anc 
temperature  of  blast;  at  all  events  about  one  cwt.  of  coke  is  all  tb 
saving  by  an  immensely  larger  furnace  fed  with  air  at  1,600®  F. 

In  the  discussions  which  have  taken  place  at  the  meetings  of  the 
Iron  and  Steel  Institute  and  elsewhere,  the  question  has  often  been 
asked,  whether  capacity,  gained  by  enlarging  the  diameter  of  the  fm- 
nace  instead  of  adding  to  its  height,  would  be  attended  with  an  equal 
economy  of  fuel. 

If  one  may  venture  to  give  an  opinion  on  a  matter  which  has  not 
been  made  the  subject  of  direct  experiment,  I  would  say,  provided  the 
descending  current  of  materials  were  so  circumstanced  that  it  was  ex- 
posed to  the  ascending  gases  as  long  and  as  completely  in  the  fhmaoe 
where  capacity  was  attained  by  increased  diameter,  as  in  that  where 
the  same  object  was  secured  by  increased  height,  then  a  low  fumaoe 
would  do  its  work  as  well  as  a  high  one  of  the  same  cubic  capacity. 

It  is  my  belief,  however,  that  the  conditions  referred  to  cannot  be 
secured  in  a  low  furnace  of  large  diameter ;  and  that  in  consequence 
no  such  economy  as  has  attended  the  loftier  furnaces  would  be  obtained. 
This  opinion  rests  on  the  following  grounds. 

We  will  take  the  case  of  a  furnace  smelting  Cleveland  stone  with 
a  well  having  a  diameter  of  eight  feet.  As  is  well  understood,  itia 
necessary  to  keep  the  size  of  a  furnace  at  the  tuyeres  within  moderate 
dimensions,  in  order  to  permit  the  blast  to  penetrate  to  the  centre  of 
the  materials  exposed  to  its  action.  Capacity  is  needed,  however,  in 
the  upper  zones  of  the  structure,  in  order  to  permit  the  solids,  white 
descending  to  the  hearth,  to  have  several  hours  exposure  to  the  heated 
gases.  To  facilitate  this,  the  boshes  have  an  inwards  inclination,  at  i 
certain  angle  or  slope.  I  have  constructed  a  diagram,  Plate  V.,  iJ 
which  a  furnace  of  18,000  cubic  feet  is  comprised  in  a  building  of  6' 
feet  from  the  hearth  to  the  charging  plates,  the  approved  angle  of  & 
bosh  for  working  Cleveland  stone  being  preserved. 

I  entertain  little  doubt,  that  the  practised  eye  of  any  fumaii 
manager  would  condemn,  without  a  trial,  such  a  section  as  that  give 
in  the  diagram;  and  this  probably  for  the  same  reasons  as  those  whi< 
appear  to  myself  to  be  valid. 


Plate  5. 


to  siliew  iinporlkH  action  in  a  fiirnace  of  lar^e 
capadiy  bat  deficient  in  lieiglit 
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moonvenience  of  having  the  materials  for  the  emelfcer  in  a  fine 
of  division  is  recognized  by  all  e:cperience,  and  the  obvious  cause 
tieir  greater  impermeabnity  to  the  heated  gases.    The  more  the 
dast-Uke  matter  is  divided  and  distributed  by  larger  blocks 
etter.    Now  the  quantity  of  this  dast  being  the  same  in  the  low 
i  the  high  furnace,  but  having  in  the  same  period  of  time  to  pass 
ogh  80  feet  in  the  loftier  or  through  60  feet  in  the  lower  furnace, 
[annnlos  it  forms  from  the  distributing  cone  will  be  proportionately 
ner  in  the  foniace  of  80  feet.     Probably  however  a  greater  evil 
attend  the  increase  of  diameter  in  the  furnace  itself,  from  say 
I  82  feet,  in  the  facility  it  would  afford  to  the  largest  pieces  of  ore, 
>  for  separating  themselves  more  oompletelj  from  the  smaller  frag- 
Bts.    Such  separation  not  only  offers  very  o|>en  si^aces,  through  which 
f  gases  will  rush  rapidly  upwards  from  the  tuyeres,  but  the  increased 
atal  section  (two-and-a-half  times  greater  at  the  top  of  the  bosh 
lower  furnace  than  in  the  higher)  lends  itself  in  an  increased 
to  the  premature  escape  of  the  gaseous  matters  in  question, 
s  mode  of  action  possesses  the  obvious  inconvenience  of  preventing 
action  between  solids  and  gases  in  the  furnace,  which  has  already 
lived  sufficient  notice  ;  and  therefore  no  more  need  be  sjiid  to  prove 
a  waste  of  fuel  must  necessarily  accompany  the  substitution,  for 
height,  of  mere  capac^ity  obtained  by  enlarging  the  diameter 
!  furnace. 

AUusion  was  made  (Sec*  II L,  p,  il)  to  the  cost  at  which  the  ores 
fjpon  were  freed  from  the  eaiths  in  the  form  of  slag,  during  the 
of  smelting.  To  illustrate  this  a  table  has  been  construeted 
^tbe  following  principles. 
The  heat  generated  by  the  formation  of  carbonic  acid  has  been 
to  be  but  a  little  in  excess  of  that  required  for  tearing  away 
oxygen  from  the  iron.  We  will  therefore  omit  this  source  of 
ftnditure  of  heat  ont  of  the  estimate,  and  regjml  all  tlie  fuel  as  burnt 
hhe  state  of  carbonic  oxide :  the  amount  we  will  assume  to  be  11)'42 
Pte  per  20  units  of  iron.  In  like  manner  carbon  impregtiati^m,  being 
of  a  heat  producing  character,  is  also  eliminated  from  the 
•o<xmnt.    We  have  then  : — 
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19*42  units  of  carbon  burnt  to  CO  x  2,400  -  46,608  caloriai 

Blast  containing         12,000       „ 

58,606 

Hence  ^Trrk i: — ii j.  *■  2,916  calories  per  unit  of  carbon. 

19*42  carbon  burnt  '^  ^ 

or  say  2,650  calories  per  unit  of  coke. 

Exclusive  of  reduction  of  the  oxide,  of  iron,  left  out  for  ibe 
already  assigned,  we  have  the  following  figures,  setting  forth  the  oob 
consumed  in  each  section  of  the  work  performed  when  smdtmgSO 
units  of  Cleveland  iron. 

1.— Evaporation  of  water  in  the  coke     

2. — Expulsion  of  carbonic  acid  from  limestone ... 
3. — Decomposition  of  carbonic  acid  in  limestone 

4. —  Do.  water  in  blast       

5. — Reduction  of  phosphoric  acid,  silicon,  etc.  ... 

6. — Fusion  of  pig  iron       

7. —      Do.      slag 

8.— Waste  in  gases 7,900 

9. —      Do.      other  sources  ...  8,789 


Oalorifls 

equal  to  UniftiofOoks. 

313 

•118 

4,070 

1*536 

4,224 

1-594 

1,700 

-642 

8,600 

1*821 

6,600 

2*490 

15,356 

5*794 

35,763        13*496 
16,689  6*294 


52,452        19-789 


It  will  thus  be  noticed  that,  in  smelting  Cleveland  stone,  fully  5|  nmti 
of  coke  are  expended,  for  eveiy  20  units  of  pig  produced,  in  mei^ 
melting  the  slag.  Properly  speaking,  to  this  must  be  added  the  fkid 
required  to  effect  the  change  in  the  limestone,  placed  under  the  headi 
Nos.  2  nnd  8,  and  together  =  3*180  units:  making  in  all  8*924  unitBof 
coke  required  for  offices  in  connection  with  the  formation  and  fosisg 
of  the  slag. 

From  what  has  preceded,  it  follows  as  a  matter  of  course  thai  a 
mineral  coal,  from  which  there  is  little  or  nothing  to  be  expelled,  ongbt^ 
when  subjected  to  a  high  temperature,  to  fulfil  the  conditions  reqniiei 
in  the  blast  furnace.  That  variety  of  fossil  coal  known  as  anthracite  ii 
admirably  adapted  for  the  purpose  in  question;  for  being  so  free  froa 
volatile  ingredients,  its  interior  is  little  changed  by  the  intense  heii 
to  which  it  has  been  exposed  during  its  passage  through  the  ftimaoc 
Owing  probably  to  its  tendency  to  splinter  at  high  temperatures,  a  very 
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8  required  for  the  proper  penetration  of  the  materiala : 
Ibnod  9,  10,  and  even  as  high  as  12  lbs.  on  the  square  inch  to  be  in 
Mnmon  use  in  Pennsylvania,  and  in  the  States  of  New  York  and  New 
eraej. 

Tb«  table  given  below  contains  particulars  of  the  cora|)oaition  of 
i|iLthrBcite,  and  also  of  bituminoas  or  gas  coal ;  and  from  this  the 
iority  of  the  former  as  a  blast  furnace  fuel  is  sufficiently  apparent. 


r 


Varifttjr. 

Loc»tft7> 
Volatile  matter 
Sdlpbur 
Ash    . 
Fixed  <Arbon 


Aathroflite.      Anthracite.      Bttuxnlooiis,  BitQt&iaouii. 

Pcniujlirutl^  Sknttb  W^e*.  Oo.  of  Durham  PenufyUooift. 

6-360            6-86            24'50  370X0 

■657          ,                      1-22  -TGI 

5'856          J                       3-84  4075 

87127          92-56            7l'G6  58154 


10000 


100-00 


10122 


100*00 


best  Darham  coke  may  be  considered  as  containing  92  to  95 

I  cent,  of  solid  carlxju;  so  that  the  American  anthracite  referred  to 

ve  muj  be  regarded  as  being  0  or  7  per  cent,  inferior  in  qnality  to 

{finest  furnace  fuel  used  in  the  Middlesbrough  district.     A  kind  of 

cite  used  at  the  Cedar  Point  Works,  on  Lake  Chaniplain,  is 

by  my  friend  Hr.  Witherbee  to  contain  only  83  per  cent  of 

carbon.     Upon  the  latter  basis  of  computation,  23^  cvvts*  of 

ought  approximately  to  be  equivalent  to   21    cwta.   of 

I  coke.     In  American  furnaces  of  recent  construction,  trom  75 

t80  foet  in  height,  this  low  rate  of  consumption,  viz.  23^  cwts.,  has 

I  nearly  reached;  for  24  to  25  cwta.  is  not  an  uncommon  figure. 

!  greater  number  of  the  furnaces  in  the  United  States  is  however 

[tbe  old  type;  and  in  such,  say  with  a  height  of  55  feet,  ?t2  to  35 

.represent  more  usually  the  quantity  of  antbracite  charged  into 

ifomace,  as  required  to  produce  one  ton  of  foundry  iron.    Owing 

'i  in  handling,  a  portion  of  small  is  separated;  and  this, 

tnr  inferior  purposes,  entails  some  addition  to  the  actual 

^  of  fttel  at  the  blast  furnace. 

To  the  table  given  at  page  1»8  it  appears  tliat,  of  the  total  heat 
>l?od  by  the  oxidation  of  tlie  fuel,  about  45  per  cent.  (36,512  units 
^  of  81,636)  is  caused  hj  raising  the  Ciirbonic  oxide,  chiefly  formed 
r  combustion,  to  the  state  of  carbonic  acid.  Now  seeing  that 
ttic  oxide  in  composition  and  in  properties  is  precisely  the  same, 
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whether  it  be  obtained  from  burning  a  diamond,  a  piece  of  chaiooal, 
a  morsel  of  coke,  the  power  of  carbon,  in  the  form  of  carbonic 
from  whatever  source  it  may  be  derived,  to  reduce  oxide  of  iron, 
always  be  the  same. 

But  when  the  weight  of  coke  actually  used  in  smelting  a  to 
iron,  even  from  the  richest  hematite  ores  and  in  frirnaces  of  8,000 
10,000  cubic  feet,  was  compared  with  what  wag  done  by 
charcoal  in  the  Carinthian  furnaces,  of  not  one  quarter  this  ca] 
the  difference  was  so  marked  as  either  to  raise  some  doubt  as  to 
correctness  of  the  estimates  given  in  these  pages,  or  to  lead  to 
supposition  that  there  was  a  virtue  in  charcoal  not  possessed  by  oob^ 
or  any  other  variety  of  mineral  fuel.    This  idea  was  at  one  time 
tained  by  my  distinguished  friend  Professor  Tunner — ^himself  a 
in  Carinthia,  and  a  careful  observer  of  the  performance  of  the 
of  that  province. 

In  the  hope  of  throwing  some  light  on  the  apparent  anomaly,  thi 
able  metallurgist  kindly  consented,  at  my  request,  to  have  the  anatjaei 
of  the  gases  repeated.  The  result  came  out  as  before,  viz.  that  pig 
iron  was  produced  at  Eisenerz  and  Lolling  with  25  per  cent,  to  30  per 
cent,  less  carbon  in  the  form  of  charcoal,  than  was  used  in  this  conntrj, 
in  smelting  hematite  ores,  by  means  of  coke. 

In  estimating  the  heating  power  of  a  given  quantity  of  these  two  ] 
kinds  of  fuel,  the  first  step  is  to  ascertain  the  quantity  of  carbonic  add  j 
in  the  products  of  combustion.    I  am  bound  to  say  that  in  the  case  of  J 
charcoal  at  Eisenerz  the  proportion  of  carbon  as  carbonic  acid  (C0|) 
to  that  as  carbonic  oxide  (CO),  instead  of  being  in  the  ratio  1  to  % 
as  with  coke  furnaces,  was  stated  to  be  as  1  to  1' 72. 

In  reference  to  this  unusual  amount  of  carbonic  acid  in  the  gasei^  I  ] 
apprehend  that  the  analyses  could  scarcely  have  represented  tfaeit^' 
average  composition  over  a  long  period.  It  often  happens  that  tbi-^ 
proportion  of  this  gas  (COg)  exceeds  for  a  short  time  the  ratio  alredlf  ^ 
named  (1  CO^  and  2C0);  but  the  extra  heat  so  generated  iSyitiii 
apprehended,  lost  by  being  carried  off  in  the  escaping  gases.  j 

Although  I  suspected  at  the  time  that  the  secret  lay  in 
difference  between   the  ores  of  Styria  and  Carinthia  (which 
spathose  carbonate)  and  those  of  Cleveland  and  liancashire,  or  in  (Mr 
respective  modes  of  treatment,  I  possessed  no  means  of  comparing  tin 
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tiudtB;  which  perhaps  could  be  best  done  by  contrastiDg  the 
I  obtained  in  Bmelting  the  same  kind  of  ore,  under  the  same  con- 
ritli  charcoal  and  with  coke. 

my  visits  to  the  charcoal  fumaceB  on  Lake  Superior,  and  in 
aa  and  Georgia  in  the  United  States^  I  did  not  meet  with  any 
in  which  the  cons iirapt ion  of  charcoal  was  au  low  as  that 
tioned  in  connection  with  the  Austrjan  iron  works,  17  cwts*  por 
pf  metal  being  the  lowest  of  which  I  have  any  record,  I  further 
that  the  difference  in  consumption  of  carbon  between  charcoal 
cike,  when  applied  to  the  saws  ore,  was  imperceptible. 
laving  obtained  from  Professor  Tuooer  all  the  particulars  of  the 
etc.,  used  in  working  the  charcoal  fiimaceB  which  consumed 
'  14  cwte.  of  charcoal  per  ton  of  iron*  I  proceeded  to  estimate  the 
\  of  the  heat  requirements  per  20  kilogrammes  of  pig  iron.  The 
[  came  out  as  follows : — 

OftlorloL 
Brmpomiion  ol  WAier  In  the  charcoal  . ,  .  , . .  300 

EeductloB  of  ore  aud  dUaociation  of  carbonic  oxide           ...  34,600 

Expiikioii  of  c&rbonic  ftcid  from  limeistone .«.  600 

DtKTOBipofiitloD  of  cju-bouic  acid  in  limestone           ...         ,..  600 

Do.              water  in  blast ...  1,&D0 

Do.             silica  and  phosphoric  iicid           IvOOO 

Fosionofiron                                                            ...         ...  6,600 

Do.       slag   .                                                         ..         .„  6^600 

LoM  by  mdialion                                            , 4»000 

Carried  off  in  gimcft     .                                  4*200 


59,800 


ffow  when  this  amount  comes  to  be  compared  with  87»000  units, 

i  estimated  requirement  already  given  for  smelting  Clevel«and  iron, 

|BCtual  weight  of  fuel  consumed  in  eacli  case  will  be  found  in  almost 

h  the  same  proportion  as  the  heat  units  required  in  the  two  caaes : 

W,«00  :  87,000  ::U  :  20*37.    This  statement  justifies  the  idea, 

\  in  a  suitable  furnace,  the  Auetrian  iron  could  be  made  with  the 

[  quantity  of  coke  as  of  charcoal;  for  any  diflerence  in  the  figures 

siIt  accounted  for  by  differences  in  the  quality  of  the  product* 

•  land  being  grey,  and  the  other  white,  iron. 

!•*  al)0Te  was  written,  a  very  interesting  paper  haa  been 

to  me  by  the  kindness  of  Mr.  John  Birkinbine,  of  the  Pine 

!  Ihmaoe  in  Pennsj'lvania,  U.S.A* 

1 


130  SEOnON  YII. — FUEL  BEQUIBKD  IN  BLAST  FUBVAOB. 

He  has  experimented  on  smelting  the  same  ore  with  charooal  aoj 
with  coke,  as  well  as  with  anthracite.  The  resnlts  giv^i  are  ymf 
instructive,  and  are  as  follows;  the  trials  beginning  and  ending,  it  wl 
be  seen,  with  charcoal :  — 

OharooaL  Ooke.  AntlumdIaL      OhinaiL 

FebnuuT.  1879.    April,  UTS.       ]fay.l«79L     Aag«l»]«l 
Cwt8.of  fuel  per  ton  of  pig  iron...  22*59  81*19  34*56  23*66 

Do.      ironstone        do.  ...  52*26  50O0  62*63  5000 

I>o.      Umestone        do.  ...  11*50  23*00  24*94  IMO 

Quality  of  iron      No.      2*40  3-00  3*00  idO 

Weekly  make        Tons       95  70  58  101 

The  large  additional  quantity  of  limestone  consumed,  whennsin( 
mineral  fuel,  of  itself  necessitates  a  higher  consumption  of  fuel,  for  tk 
reasons  already  explained.  The  furnace  in  which  the  ezperimeoli 
were  conducted  was  blown  with  air  at  only  600°  F.  (315°  C.)  It  wm 
only  36^  feet  high  with  9  feet  4  inch  boshes— dimensions  which  willbe 
recognised  as  being  far  below  those  required  for  successftil  smelting 
with  mineral  fuel.  The  examples  given  however  do  not  call  for  anj 
special  explanation  in  respect  to  the  small  weight  of  charcoal  used; 
which,  it  will  be  observed,  after  making  allowance  for  the  yield  of  the 
ore,  is  very  ne&r  to  the  weight  of  coke  often  used  in  the  Cleveland 
district.  All  that  can  be  said  is  that,  for  reducing  the  ore  used  at  the 
Piue  Grove  works  with  coke,  the  furnace  was  evidently  much  too  smally 
and  in  consequence  the  consumption  of  this  variety  of  fuel  as  well  ai 
that  of  anthracite  was  wastefuUy  high. 

I  am  indebted  to  the  kindness  of  my  friend  Professor  Akerman  d 
Stockholm  for  some  interesting  information  respecting  the  performance 
of  27  charcoal  furnaces  in  Sweden.  From  these  the  gas  is  taken  off  a( 
two,  and  occasionally  at  three,  levels;  and  a  mean  composition  is 
assumed,  based  on  the  three  resulting  analyses.  Unless  however  the 
same  quantities  of  gas  are  given  off  at  each  orifice,  this  mode  of  com- 
putation is  liable  to  error.  But  the  comparison  of  the  heat  requirementi 
with  the  heat  evolution  agree  so  closely,  that  the  departure  from  troth 
cannot  be  large. 

PARTICULARS  OF  27  SWEDISH  FURNACES;  WORKING  WITH 
CHARCOAL. 

DiMBMSXONS  IN  ENGLISH  FXXT. 

Minimum.  Maximum.  Actoal  AWBfiL 

Height        30-3  546                468 

Diameter  of  bosh 68  10*6                 8*8 

Cubic  capacity  in  feet— supposed       600  2,400              1,400 
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The  heat  absorption  has  been  calculated  according  to  the  formula 
(died  in  the  present  Bection  to  English  furnaces.  The  avei-age  of 
e  27  fbrnacea^  per  20  unita  of  pig  iron,  was  as  follows: — 


tlDlta. 
3*02 


Stvpomllon  of  wntiTiti  ftit*l    ... 

fc     ttmAnMirm  of  19' 1  UlUt»  ITOll  Ul  30  of  pig 

^P        meM,  from   peroxide,  aud  partlj 

^B        magnetic 

^fdferbcin  impi^^Ration  for  cftrbou  in  20 

i>fpi^  metal  , 

£x|ml4cm  of  carb.  acid  from  limestone 
ition  of    do.  do, 

ipocitjou  of  moiittiro  in  bt&st 
Do,  phosphoric   and  silicic 

•oidt  ,.- 

of  pg  iw>ti 
DcL     thg     .. 

ion  of  beat  tlirough  woilsj  etc.,  estimated  — 

off  in  tujere  water  do,  ^ 

do*    eMapinggaa<»«  93*07  uiiiu  x  289^  C  «  '257  SH. 

Total  requirenictits     ... 


540      1,«31 


19'10 

'flO 

46 
•04 


20-00 


1,663    31,761 


2,400 
370 

3;£ao 

84,000 


330 
630 


1,920 
1,421 
1.472 
1,360 

6«600 
8,270 
2»H3 

1,1C>9 
6,913 

65^22 


niiits  therefore,  necessary  for  producing  iron  nude  at 
f  27  fbmaces,  are  nearly  25  per  cent,  less  than  what  was  estimated 
ling  absorbed  in  Binelting  Clevektid  stone. 


I  Charcoal  used  per  SO  tmit«  of  iron  was  19-48  uniu  =  dry    ,  , 
UmmttoDe           do. 
On                     do. 
tlHpml!Dreofbiaiftwa»(412'^F.)        .. 
Ilo*            escaping  p;ii«es  (552°  F.) 
To  aacertain  how  the  heat  is  obtained  we  have — 
Dry  weight  of  charcoal  consumed  per  20  units  of  pig 
I4VU1  iMih,  hjdrugen,  oxygen,  and  carbon  alrend;  comlnntxl  with 
nxjgcn  in  the  chared 
Aetiial  available  eurbon  in  the  charcoal 


Uaila. 

16-46 

3-84 

39-56 

21  r  c 


Unit*. 

16-46 


212 
14-34 


^The '  .11  nf  the  gases  gave  46'51  volumes  of  cai'bomc  add 

[  luo  »f  carbonic  oxide;  which  is  effua]  in  weight  to  1  unit 

rWn  m  carbonic  acid  fur  2' 15  units  as  carbonic  oxide. 
)  heat  evolation  is  aa  follows; — 
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Units. 

Carbon  in  charcoal 14'34 

Leiw  dissolved  by  carb.  acid  in  Umestone  ...        *46 

Unit!. 

c   2,400 
<   6,600 

HMk  Units 

Leaving  to  bum  to  carbonic  oxide 18*88   > 

Carbon  as  CO  burnt  to  CO,            4*86   ) 

Heat  in  blast,  63-27  units  air  x  2ir  C.  x  -237  SH, .. 

-  88,812 

-  27,160 

3,168 

Heat  units  required  as  given  above      

68,685 
65,522 

Difference  between  the  two  sides  of  the  account 

... 

1,887 

It  is  worthy  of  uotice,  in  this  estimate,  that  in  connection  with  the 
nse  of  limestone  and  the  fusion  of  the  slag,  about  only  40  per  cent  of 
the  heat  is  required  of  that  needed  in  the  case  of  Cleveland  iroiL  Thk 
of  itself  is  equivalent  to  a  difference  of  about  3*6  cwts.  of  fuel  upon  each 
ton  of  iron.  It  may  also  be  observed  that  the  Swedish  iron-maator 
uses  blast  of  a  temperature,  412"*  F.,  far  below  that  to  which  it  might 
be  easily  raised.  Experience  has  probably  demonstrated  the  propriety 
of  this  line  of  conduct.  If  so,  is  it  possible  that  a  limit  to  the  redae* 
tion  of  the  quantity  of  fuel  burnt  in  the  furnace  exists,  beyond  that 
imposed  by  a  want  of  ability  to  heat  the  air  entering  at  the  tuyereaf 
With  a  manageable  amount  of  coke  or  charcoal,  the  blast  eaailf 
penetrates  the  mass  of  material  at  or  near  the  hearth,  by  burning  thi 
carbon  it  meets,  but  this  ready  penetration  might  possibly  be  inte^ 
fered  with  were  this  carbon,  the  combustion  of  which  affords  aooe« 
to  the  air,  reduced  below  a  certain  point. 

One  conclusion  alone  can  be  drawn  from  what  has  preceded  aa  to 
the  use  of  charcoal,  viz.  that  when  it  is  doing  the  same  kind  of  work  tf 
mineral  fuel,  the  carbon  employed  appears  to  be  practically  the  same  ifl 
quantity.  This  is  no  more  than  might  be  expected;  for  the  experimfi 
of  Andrews,  and  those  of  Favre  and  Silberman,  do  not  indicate  any 
material  difference  between  the  quantity  of  heat  evolved  by  the  carbon 
contained  in  the  two  varieties  of  combustible. 

It  will  be  noticed  in  Mr.  Birkinbine's  returns,  that  the  wedd^ 
make  of  iron,  when  using  charcoal,  is  40  per  cent,  in  excess  of  thaft 
when  using  coke,  and  above  70  per  cent,  over  that  when  using 
anthracite.  In  like  manner  the  actual  fuel  consumed  is  85  per  cent 
more  with  coke,  and  50  per  cent,  more  with  anthracite,  as  compared 
with  charcoal,  due  most  likely,  to  the  smallness  of  the  furnace. 
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tidxj  IB  no  doubt  that,  as  a  rule,  f\iniace8  of  very  modt'tatc  dimcn- 

using  charooal,  are  able  t(3  torn  out  cxtraordinarj  quantities  of 

Thus  I  visited  furuaces  in  the  state  of  Michigan,  47  feet  high 

H^  Ceet  ia  diameter  at  the  boshes,  which  had  produced  upwards 

toufi  per  week. 
It  18  difficult,  in  the  absence  of  the  means  of  continued  observation, 
five  a  reason  why  the  two  kinds  of  fuel  should  vaiy  so  much  in 
Hi  of  pivduce,  if  this  really  bo  the  fact,  seeing  that  there  is  by  no 

I  a  correspunding  difference  in  tlieir  heating  power* 
)f  oourae  if  we  have  two  furaaces,  each  burning  the  same  weight  of 
and  charcoal  in  the  same  tLme,  and  if  there  is  a  real  economy  of 
cent,  in  weight  of  combustible,  when  using  charcoal,  it  is  dear 
i  the  make  will  differ  in  nearly  tlie  same  ratio.  The  ore  being  the 
in  each  case,  iiJS  reduction,  other  conditions  being  equal,  ought 
ed  in  each  case  at  the  same  rate  in  point  of  tiuiu.  It  must  be 
ttemarked,  however,  that  the  other  conditions  are  not  equal.  We  have 
III  the  case  of  charcoal  an  extremely  bulky  fuel,  and  in  coke  one  of  a 
'  mach  denser  character — so  much  so  that  the  same  measure  weighs 
'  twice  as  much  when  filled  with  coke  as  when  filled  with  chai-coal- 
means  that  the  smaller  quantity  {22'iyd  cwts.)  of  charcoal  will 
Dpy  about  one  and  a  half  times  the  cubic  space  of  that  of  the  larger 
tttity  (^riO  cwts.)  of  coke,  as  given  in  Mr.  Birkenbine's  puper, 
be  advantage  of  a  free  exp^jsmie  on  aU  sides  of  the  ore  submitted 
Ing  gases  of  a  blast  furnace  may  be  inferred  from  what  has 
11  stated  in  these  pages,  I  have  proved  that  such  was  the 
by  direct  experiment  In  the  blast  fumaoe  itself;  and  it  eeems 
fitent  with  reason  to  suppose  that  a  given  weight  uf  oi*e,  dissemin* 
in  the  one  instance  mure  or  less  perfectly  through  say  i30  cubic 
of  charcoal,  may  be  better  circumstanced,  as  regards  extent  of 
f  exposed  to  the  gases,  than  the  same  weight  of  ore,  the  various 
of  which  were  only  separated  by  twenty  cubic  feet  of  coke, 
mere  fact  that  two  surfaces  of  ore  in  juxtaposition  are  bc^th 
lacing  carbonic  acid,  must  be  less  favom'able  to  the  progress  of 
.  than  where  this  action  in  the  «me  piece  is  not  retarded  by 
of  the  cai'bonic  acid  given  off  by  the  other, 
»  and  other  circumstances  connected  with  the  relative  state  uf 
ical  division  in  the  two  cases,  render  it,  perhsupSt  possihk  that 
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to  the  mere  difference  between  the  spaces  occnpied  by  charooal  and  ook 
may  be  ascribed  the  larger  amount  of  work  done  in  a  given  space  b 
the  charcoal.  In  compdring  the  work  really  done  by  eacLkind  of  flifll 
proper  allowance  must,  of  course,  be  made  for  the  large  additional  qoan^j 
of  limestone  rendered  necessary  by  the  employment  of  coke  or  anthraoitii 
which  is  so  much  richer  in  ash  than  is  charcoal.  The  retardation  ol 
the  reduction  of  the  ore  in  the  case  of  coke  necessarily  involves  a  laigM 
consumption  of  fuel,  unless  a  commensurate  enlargement  of  the  finnM 
is  provided,  in  order  to  compensate  for  the  want  of  space.  EaduDd 
of  carbon  in  the  form  of  carbonic  oxide  is  unable  to  do  its  pnftf 
amount  of  duty,  either  by  want  of  readiness  in  reaching  certdi 
portions  of  the  iron  oxide,  or  from  its  power  to  deoxidize  being  blnnted^ 
by  having  to  traverse  spaces  in  which  there  is  an  undue  proportioaflf 
carbonic  acid.  The  consequence  of  either  of  these  events  is  the  neoei- 
siky  of  providing  a  fresh  supply  of  fuel,  to  do  the  duty  thus  left  undooi 

This  general  view  of  the  cause  of  the  higher  consumption  d 
mineral,  as  compared  with  vegetable  fiiel,  would  appear  to  be  oonfirmei 
by  the  figures  contained  in  the  paper  of  Mr.  Birkenbine ;  for  it  will  to 
seen  that  when  anthracite  was  substituted  for  coke  the  consmnpfcut 
of  actual  carbon  suffered  a  further  increase,  due,  on  the  preseoit 
hypothesis,  to  the  still  greater  density  of  the  new  fuel. 

Of  course,  when  these  modifications  of  behaviour  are  compensated 
for  by  suitable  enlargements  of  the  fiimace  itself,  each  kind  of  foelf 
without  reference  to  its  origin,  may  be  assumed  to  yield  a  fall  and 
therefore  equal  measure  of  duty.  This  however  will  always  be  con- 
tingent on  its  suitability  in  this  respect  not  being  impaired  by  other 
circumstances — such  as  friability,  in  the  case  of  coke,  or  as  an  unto 
tendency  to  cake  in  the  case  of  coal,  which  may  render  their  v» 
impracticable  or  inconvenient  in  any  form  of  furnace. 

It  is  scarcely  needful  to  add  that,  in  all  comparisons  between  ^ 
different  varieties  of  fuel,  regard  must  be  had  to  the  actual  fixed  carbon 
hi  both ;  and  although  there  is  much  less  ash  in  charcoal  than  in  cote 
yet  owing  to  the  facility  with  which  the  former  absorbs  moisture  ani 
certain  gases,  the  latter  often  contains  in  reality  the  higher  percent 
age  of  carbon. 

Timber,  as  it  is  cut,  contains  far  too  much  water  to  be  employed  « 
a  source  of  heat  in  the  blast  furnace;  indeed  the  cooling  effect  of  tb 
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!  expalsLOD  of  volatile  raatter,  other  tlmn  water,  rendera  even  well- 
rood  tififit  for  the  iron  smelter.     In  some  charcoal  localities^ 
er,  a  Btnall  proportion  of  the  furnace  fuel  is  employed  in  a 
Uy  chiirred  or  torrefied  state.     But  with  every  kind  of  fuel  the 
evolved  by  the  combustion  at  the  tiiycrea  is  that  due  to  the 
itio^n  of  the  fhed  cairbon,  and  to  that   alone.     In  other  words, 
abnstible  matter  of  a  volatile  kind  contained  in  the  fuel  is  ex- 
DDg  before  it  reaches  the  hearth, 
cost  of  charcoal  may  be  taken  to  range  from  258.  to  408. 
ered  at  the  blast  fhrnacej  while  that  of  coke  is  only  about  one-half 
price.     If,  as  I  believe,  weight  for  weight  as  ranch  w^ork  can  be 
J  with  the  one  as  with  the  other,  it  is  dear  that,  as  a  mere  question 
onnmy  in  the  manufactnre  of  pig  inm,  charcoal  has  no  chance  of 
Dg  the  field  against  coke.     Although  these  figures  dispose  of  the 
tion,  iinlees  in  exceptional  cases,  it  is  curious  to  compare  the 
t  of  a  given  area  of  territory  in  i^espect  to  its  power  of  producing 
and  mineral  fhel. 
i  Percy*  gives  his  anthority  for  stating  the  annual  production  of 
I  from  an  acre  of  ground,  allowing  the  ground  to  continue  in  the 
dilion  of  forest.    The  following  figures  are  calculated  from  the 
teontjiined  in  the  work  referred  to:— 

^\  '  »|H»  of  the  Vosges  MrjuntainB 

}'  -t,  BtMien,  Homboam 

Da  do  Silver  Fir    ... 

Lake  Superior  district   .., 

iThe  average  of  these  may  be  taken  at  2G  cwts,  of  dry  wood  per 

At  one  place,  on  Lake  Superior,  40  cords  or  5,120  cubic  feet 

[acre  (equal,  according  to  Dr.  Percy,  to  about  1,100  cwts,  of  dry 

d,J  was  given  me  as  the  produce  of  a  wood  after  a  growth  of 

This  is  equal  to  38" 6  cwts.  of  dry  wood  per  acre  per  annum, 

I  Eoaghly,  the  composition  of  dry  wood,  exclusiveof  ash,  is  as  under : — 

C&rbon  50.     Hydrogen  6*     Oxji^cn  43.     Nitrogen  1  ^  100, 
The  aah  averages  If  per  cent, 

lOwiDg  chiefly  to  the  formation  of  hydro-carbons,  but  partly  to 
f  in  charring,  the  actual  yield  of  charcoal  does  not  exceed  28  per 
'  HotaUur^,  voluaic  on  Fael,  p.  196. 


Owta^of  Dry  Wood 
par  acre. 

25 
20 
31 
20 
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cent.;  and  it  is  somotimes  as  low  even  as  15  per  cent.  Taking  it  at 
25  per  c^ent.,  we  have  an  acre  of  land,  according  to  the  figures  previonalf 
quoted,  affording  from  5  cwts.  to  9*65  cwts.  per  annum  of  charooal  for 
each  cutting;  or  if  allowed  to  grow  for  35  or  40  years,  about  14|  tool 
per  acre. 

Now  it  is  a  moderate  computation  which  assigns  6  feec  thick* 
ness  of  coking  coal  in  any  district;  and  after  making  albwanoi 
for  faults,  etc.,  an  acre  of  such  a  seam  ought  to  yield  8,000  tons  rf 
coal.    This  weight  of  raw  coal  is  capable  of  affording  5,040  tOM  ] 
of  coke.^    This  being  so,  it  follows  that  it  would  require  from  toi ' 
to  twenty  thousand  years  for  an  acre  of  land  to  ])roduce  as  much  cfaa^  ^ 
coal  as  a  similar  area  of  ground  can  give  of  coke.    That  the  acre  of  ^ 
ground  can  continue  to  produce  timber,  while  the  coal  land  is  ex-  'j 
hausted,  is  too  insignificant  under  the  circumstances  to  be  taken  into 
the  account— especially  as  the  removal  of  the  minerals  does  not  prevaft 
the  surface  being  used  for  agricultural  or  forest  purposes. 

In  the  present  Section  attention  has  been  directed  exclusively  to 
those  kinds  of  fuel,  which  are  in  common  use  in  the  blast  furnace,  h^ 
many  localities  the  variety  of  coal  known  as  lignite,  found  in  laftflr^ 
geological  formations  than  the  carboniferous,  is  somewhat  extensi^ 
worked.  I  visited  such  a  mine  in  Styria,  where  the  mineral  was  voj 
pure  as  regards  ash,  with  a  fine  pitchlike  lustre;  but  it  contained tt 
unusually  high  percentage  of  volatile  matter. 

According  to  Dr.  Percy,  some  of  the  Austrian  lignites  only  affiri 
about  54  per  cent,  of  coke,  and  the  coal  in  its  raw  state  containitf  ^ 
much  as  12  per  cent,  of  ash.  In  Styria,  where  fuel  is  dear,  a  m 
proportion  of  lignite  has  been  used  along  with  charcoal  in  the  bW 
furnace.  ^ 

In  187G  a  trial  was  made  with  compressed  peat  at  one  of  tki 
Vordernberg  furnaces.    Particulai-s  of  the  exi)eriment  are  giiea  Iff  ^ 
Anton  Einigl.^     When  about  29  per  cent,  of  the  total  wd^  rf  J 
fuel  was  peat,  the  remainder  being  charcoal,  the  actual  work  doi*  • 
was  such  that  one  ton  of  the  charcoal  was  worth  nearly  three  tons  d 
the  peat.    The  low  value  of  peat  as  a  blast  furnace  fuel  is  due  to  fli* 

'  This  assumes  that  all  the  mechanical  work  is  performed  by  the  waste  hflitfc* 
the  coke  ovens. 

'  Zeitschrift  dee  berg-und  hUttenmiiiiiiischeu  Vorcins,  Feb.,  1879. 
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Wgd  quxaUty  of  water  and  volatile  gaees  it  contaiDB.    Of  the  really 
WdftiJ  constituent,  vuB.  fixed  carbon,  it  only  gave  in  this  case  $2  per 
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be  fitatamentd  jiist  made  in  reference  to  lignite  and  peat  may  l36 
jipted  m  an  indication  of  the  great  inferiority  of  these  varieties  of 
,  m  corapaied  with  charcoal  or  ordinary  coke,  for  the  purpose  of 
siting  iron. 

I  It  hag  on  certain  occasions  been  pro^xised,  indeed  it  has  been 
Uy  attempted,  to  employ  a  portion  of  the  fuel  required  for  smelt- 
f  iron  by  blowing  it  in  at  the  tuyeres,  and  this  in  the  solid  as  well 
i  the  gaseous  and  liquid  forms.  It  needs  but  little  consideration 
isiuiiire  the  rejection  of  all  such  schemes. 

►  have  already  seen  that  each  imit  of  coke  employed  in  the  blast 

I  is  not  burnt  until  it  is  charged  by  the  escaping  gases  with  the 

:  givtn  off  by  2'33  units  pi^evioualy  consumed.     Cold  fuel  presented 

lithe  blast  at  the  tuyeres  would  tend  seriously  to  refrigerate  that 

Df  the  furnace  where  a  very  intense  temperature  is  indispensable. 

I,  tried  in  Belgium,  blown  in  at  the  tuyci-es,  was  accompanied 

\m  additional  inconvenience,  viz.  the  absorption  of  heat  attending 

distillation  of  the  gaseous  constituents  of  this  descTiption  of  fuel. 

'  a  lengthened  trial  it  was  finally  abandoned. 

►  In  the  United  States,  light  carburetfced  hydi'ogen  occui-s  in  Nature 

liuch  quantities  and  at  such  pressures,  that  the  opportunity  presents 

[of  an  economical  application  of  this  gas  u?  the  smelting  of  Iron, 

J  such  application  practicable.  However  useful  the  hydrugen,  which 

if 5  per  cent,  of  the  weight  of  this  gas,  may  be  in  a  reverbera- 

-  ^r^  ( in  which  it  is  used  at  Pittsburg),  this  element  is  useless  or 

I  j^  in  the  blast  furnace — carried  off  as  it  is  unchanged  in  the 

The  liquid  hydrocarbons  no  doubt  are  much  better  adapted  fur 

tig  puiposes  than  those  which  are  gaseous,  inaamuch  as  they  are 

I  richer  in  carbon.    Their  use  however  would  be  attended  with 

inoonvenienoe  as  that  which  accompanies  that  of  raw  coal, 

*  A  couling  effect  upon  thu  zone  of  fusion.     This,  and  their  suita- 

Ditj  for  purposes  of  iilumiuation,  for  which  they  command  higher 

^prioe»thau  can  be  afforded  for  smelting  iron,  render  it  highly  impro- 

B  that  we  shall  see  a  repetition  of  the  experiment  which  was  tried  in 

i  for  ufiiiig  petroleum  in  the  blast  furnace. 
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A  claini  has  been  put  forward  on  behalf  of  the  blast  fomaoe,  dnring 
the  course  of  the  present  work,  for  the  completeness,  as  compared  with 
other  processes,  with  which  it  utilizes  the  heat  which  is  generated  ia 
its  interior. 

Great  loss  is  almost  inseparable  irom  all  the  various  modes  m 
which  heat  is  applied.  As  might  be  expected,  by  fiu-  the  best  resulti 
are  obtained  when  a  moderate  temperature  only  is  required  to  be  com* 
municated  to  the  matter  under  treatment;  such  for  example  as 
in  the  evaporation  of  water.  There,  a  vast  volume  of  fldme  qniddj 
communicates  its  heat  to  the  contents  of  the  much  colder  boiler.  At' 
is  well  known,  however,  the  hot  gases,  as  thej  cool,  impart  their  beifc 
more  and  more  slowly  to  the  hot  water,  through  the  plates  of  tita ; 
boilers  containing  it;  and  thus  even  here  a  considerable  amount  of  the 
useful  effect  of  the  fuel  is  necessarily  lost  at  the  chimney. 

It  is  not  an  uncommon  thing  for  water  to  be  supplied  to  steam 
boilers  at  nearly  its  boiling  point;  but  to  make  allowance  for  thii 
there  is  set  down  in  the  accompanying  table  the  theoretical  quantitf 
of  water  capable  of  being  evaporated  by  one  lb.  of  coal,  when  b^inoing 
with  water  at  0°  C.  (82°  F.)  and  at  100°  C.  (212°  F.) 

Pressure  of  Steam  Lbs.  of  Water  eraponted  per  Pound  of  OoaL 

abore  Atmcsphere.  From  (fi  0.  From  100<^  O. 

50  lbs.  ...  1217  ...  14-37 
100  „  ...  1204  ...  14-20 
150  „        ...       11-98    ...    14-11 


Now  SJ  to  10  lbs.  of  water  evaporated  has  been  returned  to  iWr 
by  one  of  our  best  marine  engine  builders,  Mr.  G.  Y.  Blair,  as  the  ] 
average  duty  of  1  lb.  of  coal  in  marine  boilers  ;  although  as  mudiai 
11*8  has  been  obtained  in  his  experience.  Adopting  10  as  thebaail 
of  calculation,  and  14  as  the  possible  duty,  there  is  a  loss  of  nearly 
30  per  cent.  The  loss  is  easily  accounted  for — a  certain  amount  ii  -. 
due  to  radiation,  etc.,  but  the  main  part  is  that  incurred  at  tha 
chimney,  where  the  products  of  combustion  are  often  red  hot^  * 
probably  at  1,000°  to  1,200°  F.  (538°  to  649°  C.)  The  subjoineJ 
figures  show  the  loss  incurred  by  the  gases  leaving  at  various  ix»  i 
peratures,  supposing  the  usual  excess  of  air  (100  per  cent.),  obserred*  j 
being  generally  present. 
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fith  locomotive  engmes  matters  are  even  worae  than  in  the 
Qe  engine.  On  the  North  Eastern  Railway^  the  returns  made  me 
.  Edward  Fletcher  show  that  a  mere  Auction  above  7  lbs,  of 
evaporated  per  pound  of  coal  is  the  average  obtained;  which 
be  taken  as  indicating  a  lose  of  50  per  cent*  of  the  heating  power 
fuel  used. 
e  as  the  w^aste  of  heat  is  in  steam  boilci's,  it  is  infinitely 
in  reverberatory  fiirnaces.  In  such  cases  the  temperature 
is  usually  very  intense,  and  the  stmctnre  being  small 
walls  tbin—becanse  otherwiBe  they  would  melt — the  loss  from 
ition  and  convection  is  very  considerable.  The  main  loss,  bow- 
oommonly  arises  from  the  circumBtance  that,  the  whok  of 
of  the  fnniHce  reij^iiiring  to  be  intensely  heated,  the  gases 
off  at  the  far  cod  almost  as  hot  as  they  are  next  the  fire- 
.  Entering  the  ethimney  direct  from  the  material  under  treat- 
[t»  they  of  course  carry  off  with  them  a  very  large  proportion 
heat  of  the  fuel  burnt  on  the  grate;  and  it  was  estimated 
M.  Krans  of  Lonvain  that,  from  this  and  the  causes  previously 
ioned,  not  above  10  per  cent,  of  the  effective  power  of  the 
rendered  available*  It  is  only  necessary  to  look  at  the  chimneys 
ordinary  ftirnaces  in  our  mills  and  forges,  to  be  satisfied  how 
ions  mast  be  the  loss  attending  their  use. 
f8(>me  improvement  has  been  made  in  late  years  in  snch  furnaces, 
iploying  a  portion  of  this  waste  heat  for  raising  steam;  but  the 
loss  still  amounts  to  a  %'ery  large  percentage  of  the  total  power  of 
coal  burnt. 

^^  '  *-  -T  has  already  been  made  of  the  Hiemens  furnace,  in  the 
:  of  which  the  same  principle,  which  secures  so  large  a  part 
ecnnomy  of  the  blast  fiiniace,  has  been  applied.     In  the  latter 
nc  iecu  how  vast  an  amount  of  heat  is  caught  up  by  the  descend- 
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ing  solids  and  brought  back  to  the  hearth,  instead  of  being  pennitte| 
to  escape  uselessly  into  the  atmosphere.  So  it  is  with  the  Siemeoil 
furnace;  the  products  of  combustion  leave  the  working  bed  at  m 
intensely  high  temperature,  but  communicate  a  considerable  portion 
their  heat  to  the  so-called  regenerators;  which  heat  is  returned  to  ti 
furnace,  by  the  gas  and  air  which  subsequently  enter  it.  Gompmi 
with  the  blast  furnace,  however,  the  apparatus  in  question  is 
its  dimensions,  and  hence  the  loss  from  radiation,  etc,  is  much 
This,  added  to  the  circumstance  that  the  coal  is  all  converted  into  gi%i 
by  partial  combustion  in  a  separate  furnace,  or  producer,  lessenB  dn 
beneficial  effect  obtained  from  the  Siemens  furnace,  which,  accordiqf 
to  Mr.  Erans,  does  not  utilize  above  20  to  25  per  cent,  of  the  M 
power  of  the  fuel. 

When  the  conditions  under  which  fuel  is  burnt  in  a  blast  fnmaiofl^ 
and  those  of  its  appropriation  in  smelting  iron  are  considevBd 
together,  it  is  easy  to  perceive  how  immeasurably  these  are  superior  ti 
any  other  form  of  apparatus,  in  which  heat  of  great  intensity  is  appliai 
Radiation  and  convection  depend  on  time  and  on  surface.  The  ^ 
shorter  the  time,  speaking  generally,  and  the  smaller  the  space  ii 
which  a  given  quantity  of  fuel  is  consumed,  the  less  will  be  the  losM  { 
arising  from  these  two  causes. 

In  one  of  our  large  furnaces,  about  a  cwt.  of  coke  per  minute  dii- 
appears  before  the  blast  at  the  tuyeres  in  a  space  of  two  or  three  cabio 
feet.  The  walls  of  the  hearth  are  there  of  considerable  thickness,  so  tW 
the  escape  of  heat  through  them,  looking  at  the  quantity  evolved,  ii 
insignificant.  In  the  higher  portions  of  the  building,  the  mBBOBrj, 
although  thinner  than  it  is  at  the  well,  is  much  stronger  than  in  aaf 
reverberatory  furnace.  Again,  a  mass  of  heated  material,  filling  « 
cylindrical  shaft  varying  from  12  to  25  feet  in  diameter,  has  an 
infinitely  smaller  surface  exposed  to  the  cooling  influence  of  the  atmoi- 
pherc  than  happens  in  the  case  of  buildings  of  smaller  magnitude, 
such  as  any  reverberatory  furnace.  The  effect  is,  according  to  obBe^ 
vations  I  made  on  such  a  furnace,^  that  something  under  4  per  coit 
comprises  the  whole  loss  firom  radiation  through  the  walk  of  tte 
structure.  Again,  the  sensible  heat  escaping  from  the  blast  fnmafle 
with  the  products  of  combustion  is  incomparably  smaller  in  proportion 
>  **  Development  and  Appropriation  of  H«at."    Transactions  Iron  and  Steel  hutiMh 
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tliat  from  the  general  mn  of  ftimaces  where  high  teinperatores 
quired.  This  will  be  at  once  admitted  on  contrasting  the  waste 
thig  canse — <:«niy  about  10  per  cent,  in  ftirnaces  of  the  begt  con- 
uetiun — with  the  losses  occurring  in  connection  with  steam  builers 
I  other  forms  of  furnace, 

aat  the  heat  evolved  in  the  blast  furnace  has  to  be  set  the 
|rback,  that,  something  under  one-third  of  the  carbon  is  capable 
jxg  oxidized  to  the  form   of  carlx>nic  acid;   this  gives  the 
I  heat  units  evolved  per  unit  of  carbon  m  something  nnder  4,2GC 
i  of  8,000',  which  latter  figure  obtains  with  combustion  in  the 
fire-place  of  a  reverberatorj  furnace. 
Nevertheless,  the  quantity  of  heat  actually  appropriated  in  the 
fumaoe,  per  unit  of  carbfjn  burnt,  is  of  a  much  higher  character 
it  can  be  with  the  more  perfect  combustion  of  anv  ordinary 
and  to  this  advantage  has  to  be  added  that  of  the  imperfectly 
.  carbon,  leaving  as  carbonic  oxide,  being  applicable,  and  being 
%  applied,  to  useful  purposes,  after  it  has  discharged  its  duty  in 
Ismelting  of  the  ore. 
et  08  follow  oat  the  figures  illustrating  the  work  performed  by  a 
ting  20  units  ol  iron  from  Cleveland  irouBtoue, 
'^^tbnestone  and  21  units  of  coke,  a  task  which,  with 
[of  good  quality,  has  often  been  accomplished. 
I  Assuming  the  ash  and  water  in  coke  to  amount  to  7  J  per  cent.,  we 
in  21  units  of  this  combustible  111-43  units  of  actual  carbon, 
I  this  most  be  deducted  '60  units  of  carbon  dissolved  by  the  iron 
If,  leaving  18-83  units  which  have  to  serve  as  the  origin  of  the  heat 
[  which  the  following  calculation  is  founded, 
I  The  total  number  of  heat  units  capable  of  being  afforded  by 
i  ttttits  of  carbon,  when  all  is  burnt  to  carbonic  acid,  is  (18"83  x 
1 50,G40.     Taldug  the  amount  of  carbm  whicli  escapes  from  a 
famace  in  Cleveland  as  carbonic  acid,  per  2()  units  of  metal, 
(be  5*85  units  instead  of  6*58,  which  latter  is  the  theoretical  maxt- 
iquantity>  we  have  r>'85  units  leaving  the  furnace  fully  oxidized, 
1 12*98  as  carbonic  oxide. 

'  1  C  X  8,000  =  8,000  unit*  evolved  when  1  unit  of  carbon  J9  burnt  to  CO^, 

— ^ -4^6    do,      1     do.        do.     J  to  CO^  iiml  !  to  CO. 

b  fs«1iiuire  of  thi;  lioat  in  the  blast* 
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matter  accompanying  the  combustion  of  a  foel  such  as  carbonic 
diluted  with  carbonic  acid  and  nitrogen,  and  which   is  capable 
affording  so  small  an  amount  of  heating  power  as  compared 
solid  fuel. 

The  quantity  of  free  air  is  considered  to  be  20  per  cent,  in  exc 
of  that  representing  complete  saturation  of  the  carbonic  oxide; 
the  observed  temperatures  in  the  chimneys  being  802®  P.  (428°  C.),i 
have  the  26,779  units  of  loss  from  this  cause. 

The  heat  under  D,  representing  disappearance  from  radiation,  etc,| 
8'5  per  cent,  of  the  whole,  and  is  simply  the  diflference  between 
two  numbers  72,454  and  66,242. 

The  various  figures  given  in  this  last-mentioned  example  of! 
working  present  the  following  result : — 


The  full  equivalent  of  heat  capahle  of  heing  afforded  by 
18*83  carbon  x  8,000  calories  is  equal  to      

The  application  is  as  under : — 

/  (a)  Furnace  work,  as  per  summarj  already  given  p.  95 

S      \{b)  Heat  in  tuyere  water      

[(c)  Heat  in  stcain       

1(c?)  Heat  in  blast,  included  in  a  and  6        
(e)  Available  heat  in  unutilized  gas,  say     


I 


Unite.        Unite 
—       160.640 


70,311 

1,800 

28,118 


10,837 


Waste. 


Radiation  at  furnace,  etc.,  p.  93      

I  Loss  at  chimneys,  at  boilers,  and  hot  blast  stoves 
Do.    radiation  do.  do. 

Do.  estimated  waste  in  using  unutilized  gas 


19,096 
6,212 
7,277 


111,066 


Total  heat  accounted  for 


39,574 
150,640  > 


From  this  statement  we  are  therefore  justified  in  inferring  tW' 
about  74  per  cent,  of  the  entire  heating  power  of  the  fiiel  (111,06^  ?| 
150,640)  is  or  may  be  beneficially  employed — an  amount  of  duty  noli 
equalled,  so  far  as  I  know,  in  any  other  branch  of  industry  where  •»« 
elevated  temperature  is  required.  In  cases  where  the  temperatnie  m 
very  low  such  as  the  evaporation  of  water,  an  amount  of  econoim 

'  The  loss  at  the  chimneys  is  reduced  in  this  estimate  as  compared  with  ^ 
amount  given  in  the  previous  page,  otherwise  the  account  would  exhibit  an  ell 
in  the  quantity  of  heat  to  be  dealt  with.  This  alteration,  however,  does  not  diife 
the  percentage  of  heat  usefully  employed. 
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icable  which  is  impossible  in  the  case  of  any  furnace^  where 
^hly  heated  escaping  gases  carry  off  a  very  large  amount  of  the 
I  evolved. 
%vmg  now  dealt  at  soine  length  with  the  extent  to  which  fuel  haB 
lomiaed  in  the  past,  little  remains  to  be  said  aa  to  the  futai'e 
\>mtj  of  still  further  reducing  this  important  item  in  the  coat  of 
ag  pig  iron* 

long  as  the  ore  and  flux  remain  unchanged  in  quantity  or 
ity,  there  are  but  the  two  directions,  already  referred  to,  in  which 
f  relief  in  this  matter  need  be  considered,  viz.,  an  enlargement  of 
^furnace,  and  an  increase  in  the  temperature  of  the  blast, 

regards  the  size  of  the  fimiacc  itself,  the  fact  of  there  being  a 

\  of  heat  development  close  to  the  upper  surface  of  the  materials, 

lacing  thus  a  constancy  of  temperature  in  the  escaping  gases  alter 

rtain  height  is  reached,  has  led  me  to  infer  that  we  cannot  hope 

[any  improvement  by  adding  to  what  has  been  already  done  in  this 

It  will  be  apparent  ft'om  what  has  preceded  that  no  uniform 

f  can  be  laid  down  for  determining  Uie  height  of  the  blast  furnace, 

s  variea  greatly  according  to  the  different  minerals  under  treatment; 

aae,  as  has  been  already  explained,  there  is  the  utmost  diversity  in 

ireftdiness  with  which  they  are  reduced.    Instances  have  been  quoted 

I  which  a  particular  ore  was  converted  into  pig  iron  in  four  hours 

'  being  charged  into  the  fiirnaoe,  while  the  ore  of  Cleveland,  with 

aical  working,  requires  about  sevcuty-two  hours  for  the  same 

Speaking  from  many  observations,  I  imagine  we  may  assume 

.  for  many  of  the  magnetic  and  peroxide  class  (or  hematites),  and 

1  spathose  ores  a  height  of  30  to  40  feet  wonld  suffice  when 

oal;  and  perhaps  50  feet  were  coke  used.     For  the  hematites 

|Camberland,  Lancashire,  and  Spain  65  feet  would  probably  be  ample, 

I  as  we  have  seen,  something  like  80  feet  in  height  is  required  for 

I  refractory  ironstone  of  Cleveland. 

With  regard  to  the  utility  of  a  further  enlargement  I  would  merely 
^Q  refer  to  the  performance  of  furnaces  of  11,500  cubic  feet  with  a 
^of  30  feet.     The  coke  consumed  upon  the  occasion  of  a  recent 
ition  was  20*40  cwt«.  and  the  heat  evolved,  ineluding  11,724 
contained  in  the  blast,  amounted  to  4,155  calories  per  unit 
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After  making  an  allowance  for  the  heat  contained  in  the  ironstone^ 
the  heat  in  the  escaping  gases  appeared  to  be  5,265  calories  per  20  nnifci 
of  pig  produced.  The  actual  loss  in  coke  represented  by  this  escape 
of  heat  was  therefore  |fj|  =  1*26  cwts.  of  coke  per  ton  of  iron,whidi 
is  the  margin  of  economy  any  addition  to  the  size  of  the  fdmace  couid 
effect  were  it  possible  in  an  economical  sense. 

With  regard  to  the  second  alternative,  viz.  the  temperature  of  the 
blast,  I  have  shown  that  air  used  at  1,600®  P.  to  1,700®  F.  instead  of 
1,000®  F.  was  only  followed  by  a  saving  of  about  1  cwt  of  coke  per 
ton  of  iron,  and  that  it  would  be  very  difficult,  if  not  impossilde,  to 
raise  the  temperature  of  the  air  beyond  1,700°  P.  in  the  expectation 
of  effecting  further  saving  of  any  moment. 

Under  such  circumstances,  so  far  as  the  consumption  of  fod  in  the 
furnace  itself  is  concerned,  I  cannot  indulge  in  the  hope,  tiiat  we  shall 
see  any  sensible  amelioration  in  the  performance  of  well  appointed  and 
well  conducted  establishments.^ 

In  what  has  been  said  with  regard  to  using  furnaces  of  unneoeBsai; 
dimensions  it  must  be  borne  in  mind  that  the  limitation  of  size  is  here 
discussed,  simply  as  a  question  of  economy  in  fuel.  Twelve  thonsand 
cubic  feet  may  suffice  for  a  thorough  exhaustion  of  the  gases,  when 
smelting  Cleveland  stone — ^probably  one  of  the  most  refractory  of  the 
ores  of  iron;  but  it  does  not  follow  that  considerations  connected  with 
a  more  pix)fitable  application  of  labour  may  not  cause  a  fiimace  of 
double  this  capacity  or  more  to  be  preferred  in  point  of  economy. 

*  Of  course  I  exclude  from  present  consideration  any  better  application  which 
uiay  be  made  of  the  waste  gases,  by  the  use  of  different  engines  or  otherwise. 
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THE  SOLID  PRODUCTS  OF  THE  BLAST  FURNACE. 


>  the  substances,  which  the  tiOe  of  the  present  hea<iing  is  intended 
Dclnde,  the  pig  iron  is  of  course  the  most  import^mt.  The  slag,  or 
aB  it  is  uaually  styled,  next  demands  consideration,  because  it 
stitutee  the  principal  index  of  the  performance  of  the  fiimace  itself 
Ithird  body  which,  for  cm-  present  object,  may  be  classed  among  the 
[  products,  is  the  vast  Tolume  of  white  smoke  which  is  seen  leaving 
.  furnaces,  and  which  is  particularly  conspicaous  in  the  treatment 
^Cleveland  ironstone  and  of  some  others. 
Cast  Iran  requii^s  the  presence  of  only  two  elements  ibr  its 
tion,  the  metal  itself  and  carbon:  that  is,  a  compound  consisting 
lively  of  these  two  substances  may  be  formed,  which  would  be 
ble  at  a  moderate  temperature.  It  is  strictly  true,  however,  to  say 
pig  iron,  as  run  from  the  blast  furnace,  always  contains  other 
ier,  which  may  to  some  extent  be  regarded  as  foreign  to  its 
Dtial  composition.  This  impurity,  as  it  may  be  considered,  often 
several  different  elements,  and  as  Cleveland  iron  will  serve 
stration  of  this  complex  composition,  five  analyses  of  this 
i  arc  subjoined : — 


No.  1. 

Kal 

Hal 

HoMtod 

Whtte. 

l».l 

..     92-43 

d366 

94-64 

93-69 

98-20 

^^ 

.,      3*75 

3*41 

2'«6 

3-55 

320 

F 

1-70 

•88 

1*87 

•66 

•64 

EL 

•13 

'17 

Trace 

•35 

20 

ELu.    ... 

I'U 

123 

1-00 

1<>5 

1-32 

■U»«    ...    . 

•30 

37 

■93 

•79 

60 

Cilciuio,  Magneiiuiiit 

«tid  Titeniom 

*62 

•46 
10018 

Tnic^ 

33 

1-32 

100-17 

10110 

100-32 

100*48 

Juniata  U.S. 

Unknown. 

NontSootii^ 

...       2-891 

4-20 

3-27 

•830 

•08 

•37 

•005 

Trace. 

•01 

— 

•05 

•28 

— 

•10 

•87 

...     96-274 

96-67 

95-70 

100- 

100- 

100- 
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Against  iron  containing,  as  in  the  examples  jnst  given,  8  to  4  per 
cent,  of  substances  which  are  not  essential  to  its  composition,  some  of 
which,  if  not  removed,  are  for  certain  purposes,  absolutely  injnrionif^ 
may  be  set  the  analysis  of  other  varieties  of  pig,  in  which  some  of  the 
above-named  elements  are  either  wanting  or  are  found  in  greatly 
diminished  quantities.  The  following  are  examples  of  analyses  taken 
firom  Dr.  Percy's  work — a  fact  which  may  be  accepted  as  a  guarantee 
for  their  correctness. 


Carbon 

SUicon     

Solphnr 

Phosphorus 
Manganese 
Iron  by  difference 


It  is  now  above  50  years  since  Neilson  introduced  the  use  of  hot 
air  in  the  blast  furnace;  and  it  is  a  somewhat  remarkable  fact  that 
even  to-day  there  is  an  absence  of  a  complete  and  systematicallj 
conducted  course  of  experiments,  to  prove  that  cold  blast  iron  iB 
really,  as  is  pretended,  superior  in  point  of  strength  and  quaUty  gen- 
erally to  that  made  with  hot  blast.  On  the  &ce  of  it,  there  are  some 
obvious  reasons  why  hot  blast  iron  should  be  purer  and  therefore 
stronger,  looking  at  the  nature  of  the  impurities,  than  that  made 
with  cold  blast.  All  mineral  fiiel  contains  phosphorus  and  sulphur; 
in  that  of  one  of  the  most  renowned  works  in  Great  Britain  the 
former  varies  from  '025  to  '110  per  cent.,  and  the  sulphur  exists  to 
something  like  '5  per  cent.  If  we  assume  that  the  consumption  of 
fuel  is  reduced  from  40  cwts.  to  30  cwts.  per  ton  of  iron,  we  secure  a 
corresponding  reduction  in  the  quantity  of  phosphorus  in  the  iron; 
and  the  sulphur,  a  portion  of  which  at  all  events  finds  its  way  into 
the  metal,  is  also  reduced  in  quantity. 

There  is  a  kind  of  vague  idea  among  the  advocates  of  cold  blast 
iron,  that  the  alleged  higher  temperature  of  a  hot  blast  furnace  affects, 
in  some  way  they  have  never  explained,  the  quality  of  the  iron  ifc 
produces.    It  is  stated  by  Sir  W.  Fairbaim  and  others  that  tiiS 
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application  of  heat  U)  solid   iron,  cast  or  wrought,  doei 
iorate  it6  qnality;  probably  owing,  I  imagine,  to  a  new  arrange- 
it  of  its  molecules,  to  a  change  in  chemical  composition,  or  to  an 
ksioii  uf  oxygen  ur  other  gaseous  matter.      Bat  there  does  not 
any  proof  that  any  such  effect  takes  place,  or  could  take  place, 
the  blast  furnace,  even  were  the  temperature  higher  when  it  Ib 
with  hot  air  tlian  with  cold.     Bat  there  is  really  no  substantial 
for  pretending  that  the  hearth  of  a  cold  blown  furnace  is  not 
iteashot,  taking  it  as  whole,  as  that  of  one  receiving  heated  air. 
le  quantity  of  heat  evolved  in  the  two,  so  far  as  combustion  of  fuel, 
concerned,  is  actually  higher  in  the  cold  than  in  the  hot  blast 
Neglecting  the  iisli  in  both  cases,  we  have  the  following 
;tireS|  representing  the  carbon  used  per  20  units  of  iron : — 


Gold  blast  fnniiice,  taking  tlio  nir 
erea  *t  the  fre«mig  point  of  water 

Hot  blast  furu&ci;.  receiving  ita 
ui  at  about  900^  F.  (48^  C\) 


"} 


OAloHaL 
|-  40  unit*  of  carbon  x  2,400  =  96,000 

30  units  of  cjirbon  x  2,400  =  72»000 
Calories  in  bla^t  =  16,&00 


8a,500' 


Besides  this,  if  we  are  to  believe  that  the  quality  (or  greyness)  of 
metal  depends  on  the  actual  temperature  to  which  it  is  exposed 
the  blast  fiirnaoe,  what  becomes  of  the  pretended  differences  of 
perature  between  the  use  of  hot  and  cold  air,  both  running  the 
ic  quality  of  iron? 

Again,  let  oa  consider  the  probable  effect  of  an  increase  of  heat  on 
beharionr  of  the  elements  found  in  combination  with  iron  in  its 

of  pig. 
Reasons  have  already  been  adduced  for  believing  that  an  elevation 
emperature  strengthens  the  affinity  of  sulphur  for  lime  or  calcium, 
dl  events  less  is  fonnd  in  iron  run  from  a  hot  working  furnace  and 
m  not  aware  that  there  is  any  information  to  show  that  any  possible 
ices  of  heat  can  affect  the  action  of  phosphorus  in  its  behaviour 
farda  iron  during  the  process  of  smelting.     With  regard  to  calcium 

tlioM?  which  set  forth  the  heat  evolved  in  smelting  iron  iu 
sionu,     Thf'  carbon  burnt  in  huge  furuftces  ie  very  nineh 

wMiui  uiu  1  i  tLii  the  luy'umcnt  in  a  atill  more  striking  way. 
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and  the  other  metaLs,  it  is  not  improbable  that  an  increase  of  tempera- 
ture might  be  accompanied  by  a  larger  amount  of  these  in  the  pig; 
but  I  know  of  no  instances  where  any  ill  effects  have  been  connected 
with  their  presence. 

In  the  hope  of  throwing  some  light  on  this  question,  adyantage 
was  taken  during  the  blowing  out  of  one  of  the  Clarence  fnmaoefl,  to 
reduce  the  burden  and  use  the  blast  cold.  The  iron  was  white  and 
had  the  composition  given  below.  Alongside  this  analysis  is  [daoed 
an  example  of  white  iron  made  with  hot  air: — 

Cold  BlMt,  White.       Hot  BUflt.  White. 


Carbon 

8-35 

3-20 

Silicon 

•33 

•64 

Sulphnr 

...      Trace 

•20 

Phosphoms   ... 

...        1-37 

1-32 

Calcium,  etc.... 

•30 

132 

Manganese    ... 

•28 

•eo 

5-63 

7-28 

Iron 

...      95-10 
100-73 

93-20 

100-48 

From  these  figures  it  will  be  seen  that  the  most  notable  differenoe 
is  in  the  silicon,  but  that  most  of  the  other  substances  are  in  lesB 
quantities  in  the  cold  than  in  the  hot  blast  iron.  At  the  same  time 
the  short  duration  of  the  experiment  does  not  afford  sufficient  data  to 
speak  with  much  confidence  on  the  relative  quality  of  the  metal.  On 
puddling  the  pig  so  made,  the  malleable  iron  showed  no  kind  of 
superiority  over  that  smelted  with  hot  air. 

Viewing  the  question  as  one  of  the  application  of  pig  iron  to  cast- 
ings, the  late  Sir  William  Fairbaim,  F.R.S.,  published  some  experi- 
ments undertaken  for  the  purpose  of  determining  the  kind  of  metal  to 
be  used  in  the  construction  of  the  High  Level  Bridge  at  Newcastle-on- 
Tyne. 

This  competent  authority  gives  in  a  table  the  following  results  :— 

Breaking  weight  applied  to  Power  of  the  4|  ft  ban 

bars  1  in.  aq..  bearings  4^  ft.  aiMUt.  to  reaiit  impaot 

Max.         Ifin.       Arerage.  Max.        MIn.      Attnfk. 

Cold  blast— 18  Specimens...    567        403         457  992        580         746 

Hot  blast— 20        do.        ...    543        853         448  998        582         681 
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A  second  table  contains  the  following  : — 

Mmx.  MiiL  Averaiiv; 

I  04d  bljwt^  Specimeiw     . .     &98  B02  569 

HotblMt— 9        do.  ...     676  472         665 

Dd.  Anthnwite  —1  Spcciincu  665 


If  Q«D  tilttmftt«  daflcettoB-incKBi 
Mjul.        Mia.      Avexafa 
•83         -71  77 

*94  *63  *766 

•80 


The  irons  ultimately  aelected  for  the  Newcastle  Bridge  were  : — 


RiibdjUe  No.  3  hot  bkit       ... 
Ystjjyfera,,    3        do. 

Citwihiy  Na  1  cold  liliist       ., 
Elientvoa  ^,1         do. 
Cmlbtaak  Dftl«  No.  1  cold  blut 
ScAp  ctiieAy     do. 


Putt. 

40 

676 

-80 

40 
80 

40 

665 
688 

•80 

SO 

fioe 

-8S 

30 

584 

-n 

30 

Not  given. 

-130 


Bare  from  the  above  mixture,  tested  as  befone,  eapixjrted  70o  lbs, 

[  before  they  broke,  and  deflected  '89  inches,  being  fiiiperior  in  strength 

i  power  of  deflection  to  Ridadale,  a  North ijtnh^rland  iron,  which 

five  the  best  resnlts  when  examined  separately. 

[t  wonld  be  hazardous  for  any  one  to  pretend  from  the  above 

%  taken  as  a  whole»  that  cold  blast  iron  is  realjy  superior  for 

fcings  to  hot   blast;    for   the   iti  format  ion   as   given   above  does 

lot  nettle  the  qnestion  either  one  way  or  the  other,      Ridsdale  hot 

kbt  may  be  better,  as  the  trials  would  indicate  it  to  be,  than  any 

of  the  brands  with  which  it  is  compared,  not  because  it  ia  hot  blast, 

but  on  accuunt  of  the  minerals  used  in  its  manufacture.    Nothing 

ifeort  of  the  two  systems  being  applied,  over  a  period  of  time,  to 

fcpcisely  the  same  minerals  c^n  satisfacvtorify  settle  this  question.     In 

^be  list  compiled  by  Fairbairn  there  are  ;J  cases  given  of  the  same 

make  of  iron  smelttfd  with  cold  and  hot  ain  but  it  ia  not  positively 

stated  that  there  were  no  differences  made  la  the  ore,  fuel,  and  llme- 

ftrjae,  ocjDJointly  with  the  change  of  blast. 


CoMBliui. 

H»b  Blunt. 

Bf«ftkinie 
weight 

pDwei- to 
redit  Luipact. 

Breaklnff           Power  to 

Devon  No.  3»  Scotland     .. 

418 

353 

537                 689 

Cmrron    „  3,     do* 

444 

593 

520                 710 

CocdUl<ro  No.  2,  Wales   .. 

403 

600 

409              771 
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As  far  as  these  last  trials  go,  they  are  clearly  and  nmmgtakeaUyii 
favour  of  hot  blast  iron. 

At  one  time  it  was  believed  by  many  that  any  deterioration  in  Al 
quality  of  iron,  made  with  hot  air,  was  due  to  the  use  of  ores  of 
inferior  description  and  not  to  any  vital  di£ference  between  it  aod  ihil 
smelted  with  cold  air.  I  do  not  believe  that  there  exists  aoy  lol 
foundation  for  this  opinion,  at  the  same  time  it  is  quite  possible,  Af 
reasons  already  given  in  the  Section  dealing  with  the  theory  of  thi 
hot  blast,  that  the  semi- vitrified  Scotch  Black-band,  first  largely  vtd 
with  hot  air,  required  for  its  successful  treatment  a  much  larger  fumatt 
than  the  more  easily  permeated  clay-ironstones,  when  lightly  caldnedt 
in  common  use  at  that  time.  It  might  thus  have  happened  that 
smelting  an  ore  in  a  furnace  too  small  for  its  treatment,  led  to  the 
belief  that  the  mineral  itself,  and  not  the  furnace,  was  to  blame  for 
any  change  in  the  quality  of  the  product. 

Of  course  it  is  impossible  to  lay  aside  the  experience  of  impartiil 
consumers  of  pig  iron,  who,  paying  a  high  price  for  an  article  for 
special  purposes,  must  have  satisfied  themselves  that  it  is  worth  the 
money.  No  doubt  the  iron  they  prefer  is  good,  and  it  is  cold  blast; 
but  is  it  good  because  it  is  cold  blast  ?  This  is  precisely  the  qaeetioa 
which  has  not  perhaps  received  sufficient  attention. 

An  important  element,  in  considering  the  strength  of  a  material 
like  cast  iron,  is  the  effect  produced  on  it  by  a  continued  exposure  to 
the  load  or  strain  it  has  to  bear;  and  also  the  manner  in  which  it  ii 
affected  by  temperature.  Sir  Wm.  Fairbaim  reported  to  the  British 
Association  on  both  these  heads.  ] 

It  may  be  urged  that  the  molecular  condition  of  bodies,  and  their 
power  to  withstand  a  continual  series  of  shocks,  are  but  little  unde^ 
stood,  particularly  when  we  attempt  to  connect  these  attributes  with 
chemical  composition.  In  America,  for  example,  I  found  that  ooM 
blast  charcoal  iron  was  infinitely  preferred  to  metal  smelted  with  hot 
blast,  for  chilled  railway  wheels.  Wrought  iron  or  steel  is  rarritf 
used  under  railway  carriages  in  the  United  States,  cast  iron  being  the 
substance  employed  ;  so  that,  on  nearly  one  hundred  thousand  wki 
of  American  railroad  abundant  opportunity  has  existed  over  some  jBtB 
for  pronouncing  an  opinion  on  the  relative  merits  of  the  two  qnaHtiei 
of  iron.    It  was  uniformly  stated  the  cold  blast  iron  wheeb  tafca » 
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••diill/*   and  wear  much  longer  than  those  made  fi^om  hut 
the  gome  cbarooal  and  minerals  as  I  was  ansured,  being  need  in 

we  direct  our  attention  to  pig  iron  intended  for  the  forge, 
t  more  bewildered  than  ever  in  any  attempt  to  connect  Bupeiiority 
with  cold  blast,  so  far  as  this  superionty  is  exhibiti'd  by  any 
of  chemical  composition.  The  analyses  of  the  produce  of 
blast  furnaccB  of  a  well  known  firm  in  the  West  Riding  of 
are  as  follows : — 


he  following  analyses  give  the  foreign  matters  associated  with 
brands,  also  of  cold  blast  iron  i— 


r  the  Fig  Iron  . 
(Oiuphitlc 
Combineil 


No.  I. 

3-421 

•583 


3-15& 

•581 


8*361 

•39a 


No.  4. 

8-308 

319 


„       Total  carbon 

4004 

3-736 

3-754 

3*627 

SUieon          

V708 

l-(i46 

1-382 

1*381 

Sttlphtir 

073 

■070 

•063 

■081 

Phofplionu 

'G30 

-635 

*602 

*(i02 

'ntjuiiuiu 

Trttc* 

Trace 

Tnic<3 

Trace 

Mangmneeo 

l'fK)6 
8021 

1472 

1*475 
7-276 

1*169 

7*559 

6-860 

Ifon... 

92-070 

92644 

92-952 

100-228 

93*292 

100*091 

100  203 

100'1&2 

Ka  1. 

No.  2. 

Ko.3, 

No,  1 

Carbon 

3-40 

2-88 

3"07 

3*03 

Silicon 

1-36 

1*09 

1*48 

'83 

Sulphur    , , , 

•07 

*08 

•08 

•04 

Phospborus 

•29 

*38 

4S 

•31 

Manganese 

28 

*66 

•96 

•27 

le  manner  in  which  the»e  five  substances  affect  the  rjuality  of  pig 
BO  well  understood  that  the  iron  is  often  bought  on  analysis ; 
\  will  venture  to  say  that,  for  mill  purposes,  any  malleable-u'on 
t  would  prefer  the  last  four  brands  to  the  four  previously  given, 
miy  difference  which  can  be  alleged  in  favour  of  the  Ibrraer  is  tliat 
itainsmorc  manganese,  which  could  be  easily  and  cheaply  supplied 
t  fihape  of  ferru-man^anese.  Notwithstanding,  bars  and  plates  made 
the  first  series  sell  for  at  least  double  the  price  obtained  for  those 
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manufactured  from  the  second.  No  one  acquainted  with  the  Wi 
Yorkshire  irons  refuses  to  admit  their  great  claim  in  respect  to  qualil 
but  this  in  my  judgment  is  mor6  due  to  the  extraordinary  care  m 
in  the  forge  and  mill,  than  to  any  unusual  excellence  in  the  pig  in 

The  recent  improvements  in  the  processes  for  obtaining  sU 
either  by  the  pneumatic  plan  or  the  open  hearth,  were  made  at  a  ti 
when  the  exclusive  reign  of  the  rule  of  thumb  was  beginning  to  decli 
The  conditions  to  secure  success  were  diligently  studied,  and  no  ancii 
doctrine  was  adopted  unless  its  value  was  capable  of  demonstrati 
So  far  as  I  know,  neither  Bessemer  nor  Siemens  and  Martin  ever  1 
a  word  to  say  against  the  hot  blast.  But  a  more  striking  instance  e 
than  this  is  that  afforded  by  Sweden.  In  the  manufacture  of  t 
quality  of  Swedish  iron  which  has  a  world-wide  reputation  for  cut! 
steel,  no  new  process  is  rashly  introduced;  and  the  Swedish  ii 
masters,  no  doubt  for  good  reasons,  adhere  to  the  use  of  the 
Lancashire  fire,  and,  for  the  highest  qualities,  have  forbidden 
introduction  of  the  puddling  furnace  into  their  primitive  forges. 

No  iron  making  community  in  the  world  is  more  dependent 
mei-e  existence  on  a  continuance  of  ancient  reputation  than  the  Swo 
They  saw  nothing  in  the  adoption  of  the  hot  blast  to  impair  tl 
traditional  renown ;  and  I  believe  at  the  present  moment  the  u» 
hot  air  is  the  rule  in  their  country. 

In  order  to  ascertain  the  behaviour  of  the  iron  in  relation  to 
four  metalloids  here  considered,  viz.  carbon,  silicon,  sulphur, 
phosphorus,  a  portion  of  slag  and  iron  was  withdrawn  from  one  of 
Clarence  furnaces,  just  above  the  tuyeres.  Three  specimens  of 
slag,  which  had  a  brownish  colour,  contained  respectively  '75  per  oe 
•90  per  cent.,  and  1*2  per  cent,  of  iron  as  oxide.  Here  evidently  tb 
was  still  unreduced  metal  in  the  cinder. 

The  slag  as  it  ran  from  the  furnace  was  grey,  and  only  contaii 
•12  per  cent,  of  iron.     . 

It  would  appear  from  the  following  analyses  that  the  iron,  wb 
was  partly  very  hard  grey  and  partly  white,  had  not  taken  up  its 
measure  of  carbon  and  silicon  at  the  point  above  the  tuyeres.  ^ 
sulphur,  on  the  other  hand,  suffered  a  perceptible  diminution 
quantity  after  complete  fusion  at  the  tuyeres,  probably  due  to 
absorption  by  the  lime  in  the  cinder.    The  phosphorus  also  was '. 
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I  iron  run  from  the  ftimace,  than  in  the  sample  taken  from  above 
but  the  diminution  was  insignificant* 


tuycpML. 

N«xt  cwt  of  troo* 

Combitied  earbon 

-763 

S21 

Omphltic 

2-134 

..       3112 

SiUocm      , 

•924 

1-793 

Siilphtir  ,..         *„ 

-077 

•050 

PhoBpliorui 

1693 

reso 

Fie  maj  now  proceed  to  consider  some  of  the  circumstances 
cted  with  the  union  of  these  metalloids  with  the  iron  in  the 
tfhrnaoe,  and  their  inflnenoe  on  the  quality  of  the  product, 

rbon  is  weO  known  to  possess  a  certain  affinity  for  irun;  but 
ips  it  would  be  moi*e  correct  to  designate  their  union  in  cast  iron 
if  due  to  the  property  on  the  part  of  the  metal  to  dissolve  the 
Boid.    The  proportion  of  carbon  in  this  form  of  solution  never 
the  point  where  the  two  are  present  in  the  ratio  of  their 
filing  equivalents  (28  Fe  to  6  C,  or  4'66  to  1).      The  actual 
Bod  between  the  two  is  nearer  6  equivalents  of  iron  to  1  equiva- 
pf  carbon* 

en  the  metal  leaves  a  furnace  which  is  producing  rich  iron,  as 
heat,  it  gives  off  a  portion  of  its  carbon,  in  the  form  of  thin, 
k.and  brilliant  flakes,  known  as  **kish."    The  same  thing  happens 
i  when  the  metal  solidifies  on  cooling,  the  extraded  carbon  being 
died  on  the  faces  of  the  crystals  in  the  pig  iron,  in  what  is  known 
graphitic  form. 

L  portion  of  the  carbon  in  pig  iron  is  regarded  as  existing 
with  the  metal;  and  at  one  time  it  was  confiidered  that 
liole  of  Uie  carbon  in  white  iron  was  of  this  character.      It  was 
id  that  there  was  a  necessary  connection  between  the  "richness'' 
Iirge  sized  crystals  of  the  iron  and  the  quantity  of  carbon  it 
in  the  graphitic  form.    The  extruded  kish,  is  however  rarely 
substance,  iron  in  greater  or  less  quantity  being  generally 
%t  with  the  carbon.    After  tapping  one  of  the  Clarence  furnaces, 
liilerjible  quantity  of  flaky  matter  was  collected  from  the  surface 
pigSL      By  means  of  a  magnet  it  was  separated  into  two 
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The  part  not  affected  by  magnetism  gave  the  following  resol 
analysis : — 


Par  Cent 

Carbon 

96-00 

Iron      

1-70 

Sand,  derived  from  pijf  moulds        

8-30 

The  other  gave : — 

Carbon 

54-80 

Iron      ...         ...         ...         ...         

81-20 

Sand,  and  a  portion  of  finely  divided  silica 

14-00 

100 


100 


From  some  pig  iron  drillings,  graphite  was  separated  by  levig 
in  water  and  all  metallic  particles  were  removed  by  the  magnet 
graphite  yielded  31'74  per  cent,  of  residue  on  combustion.    1 
composed  of: — 

Peroxide  of  iron 50*78 


Protoxide  of  iron  ... 
Protoxide  of  manganese 

Silica  

Phosphoric  acid     . . . 


28-35 
610 
5-08 

10-30 

99-61 


Assuming  that  the  Mn,  Si  and  P  were  originally  nncombinec 
0,  the  following  composition  is  calculated  for  the  unoxidized  graph 

Carbon        78-32 


Iron 

Manganese ... 

Silica 

Phosphorus... 


18-26 

1-26 

-76 

1-42 

100-00 


At  another  running,  of  extremely  rich  iron,  there  was  col 
from  the  "Sows"  a  quantity  of  matter  which  had  the  appearaj 
having  been  in  a  state  of  combustion.    It  contained  as  follows  > 


Carbon 

Silica,  probably  extruded  from  the  iron  as  silicon 

and  then  oxidized  

Iron      

Manganese       


PerOsBL 
36-00 

47-00 
9-10 
7-21 


99^ 
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Ik  Rpeaking  of  the  matters  thrown  off  by  iron  at  the  time  of 
1  may  mention  a  circumstance  which  took  place  at  the  Wylam 
many  years  asjo*     For  one  or  two  days  in  snccession  the 
€?OTered  on  its  upper  fiorface  with  a  coating,  ^  to  ^\  of  an 
'in  thickness,  of  a  light  grey  or  brownish  matter.      It  wa«  of  a 
Ibrous  texture,  sotl  to  the  touch,  and  yielded  easily  to  presanre. 
ibled  a  sublimate  in  appearance,  was  insoluble,  and  without 
iThia  happened  before  the  days  of  constant  chemical  superrision, 
egret  to  say  that  in  consequence  no  further  notice  was  taken  of 
,  we  had  no  doubt  at  the  time  that  the  substance  was  silica  in 
ate  of  division,  and  it  was  regarded  as  having  been  the  product 
on  given  off  by  the  iron,  as  it  gives  off  carbon  when  kish  is 


going  through  the  Clarence   Laboratory  books,  the  samples 
ing  the  highest  recorded  carbon,  had  the  following  com- 


►  Ckrbon     .. 
'  Saicoti    ... 

Solpbur 

Phosphonis 

CaJcitim 

Magncsiam 

MABganesc 

"ntftnitim 

iron 

Iezoeptionally  small  quantity  of  carbon  was  found  to  be 
A  in  some  No.  1  Clarence  iron,  which  was  complained  of  as 
hard  and  white  on  rcmclting.    The  analyses  gave  as  under : — 

Ciirboxi 


4*50 

4-82 

1-28 

1-58 

^08 

SUjsrht  traofi. 

1-39 

1-35 

— 

■23 

— 

*05 

•72 

-62 

'10 

8-07 

'22 
—      8-87 

92-47 

92-00 

1O054 

100;87 

isffn«sium 
Iro>n 


iBJkl  Pig. 

Eeinftlt^d  for  Cutlogs. 

1-61 

1-65 

-98 

•61 

*lf» 

•29 

137 

1-26 

40 

•81 

-29 

•43 

'12 

-47 

4*93 

—       S'51 

95*15 

94*42 

100-08 

iYj-m 

IM 
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It  U  in  white  iron  that  carbon*  in  its  combined  form,  is 
generally  found  in  the  largest  quantity;  and  although  this  substaa 
ai  graphite,  is  ognally  more  abundant  in  very  rich  iron  than  in  | 
iron  of  a  closer  gr^in,  yet  gnch  is  not  inrariably  the  case.    The  \ 
ing  analyses  will  show  that  neither  the  form  nor  the  quantity  of  ^ 
carbon  necessarily  aifects  the  grade  of  the  iron: — 


No  I  OlAreuoe  Fig. 
Qn^h^.    OorobLood.   TotaL 

Grmpbite.   OomMnad. 

TJ2f- 

White  CIl»r«»M 
Gnplut«.   Combined. 

3-05 

•30 

305 

245           -26 

271 

1"06 

•90     : 

zm 

•48 

2*81 

272           -22 

2-94 

'300 

3-260    i 

3*38 

'51 

3-80 

2-491         -606 

3097 

*270 

3-4i.X>    J 

308 

'92 
1-84 
176 

4-00 
395 
3-83 

•374 
2^209 

2339    : 

2*61 

•993    i 

2-07 

$-530 

•668 

3-204 

215ti 

11)14 

3'170 

Sjicdnicu  of  Xn  3  CI  arc  nee  pig    ,.. 

Do*      ,*  Wliitt?,  couverted  into  gray  by 
slow  cooling 

T>rt.      „  White  -,.        

ISiri  (if  the  pF«oedhig^  white  pig,  converted 
iuto  grey  iron  by  13  dAjv"  ex> 
potiire  to  A  fall  r^  hemt 


Grapbillc 

CW^IL 

Combliied. 

Tot«I 

2*256 

1-058 

S'314 

2-296 

•644 

2-940' 

•374 

2339 

2-713 

1-790 


•974 


2764 


Tho  condition  of  the  carbon  and  the  qndity  of  the  metal  app 
to  be  the  FMult  of  differences  between  the  temperatures  at  the  j 
when  Uio  metal  is  ^melted»  or  those  to  which  it  has  been  exp^osed  snH 
••quontlyt      VariaiioDs  in  the  rate  of  oooling  are  also  capable 
iAiolInjt  tnarked  diaoges  in  the  phyracal  diaracter  of  pig  iron:  tha 
m  we  hftYt  B«ua»  dow  oooling  alters  white  iron  to  grey,  aad 
(Hxvling  ecHiTMti  grcj  iron  into  white. 

Sptohnem  of  whitie  pig  were  fitted  in  the  dag  nmners  of^ 
OhmiMe  ftuTMOtt  mikiiif  Ko.  S  iron*  and  the  metal  so  I 
kMmaM  Obnifeil  lo  No.  3.    OUmb  w«re  melted  in  a  crocible 
Aumm  ittd  iImIj  oeioM»  iid  tte  Botai  whea  cooled  was  Xo. -^ 

tW  Mk>wum  HTyiffWWWlh  e»  yrf Mmiiiig.  m  Aowing  the  c^ 
WMA  IlllHiiiiii  «qpo«»  to  a  1^  tmmtmim  may  have 

'vOHMD^MH  Wl  WW  QH^BSI« 
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-ScTeml  bars  of  grey  raetal,  having  a  sectiona]  area  of  8  x  2  in., 
\tflt  during  an  entire  week,  in  the  combmti<.»n  chamber  of  the 
ftlf  sto\  c«  at  the  Clarence  works,  the  fuel  being  furnace  gaa.  At 
tnd  of  that  time  thej  were  found  covered  with  a  cuating  of  oxide 

^IroD,  whidi  was  removed.    The  compoaitiun  of  the  different  parte 


untpaiiio 
Cwboo. 

Tot»L 

Qri^itwil  pig  metal,  Ko*  4  foundrjr 

3-057 

•637 

3691. 

Fir*t  i  xnclj  of  expo*ed  metal  uiider- 

nivilh    crust    of    oxitlc    after 

exposure            

3*537 

Nil. 

3637 

Centre  of  bar  after  expomre 

3-082 

•469 

3-551 

lilar  bfirs  of  white  iron  were  treated  in  the  same  waj,  but  the 
was  continued  for  13  dajs.     The  analysis  gave: — 


armtih. 

ComM. 

pngixml  m«t*l— foundfy  No.  4       . . 

•374 

2-389 

^i-rt  f  i^ln-  tmdcmeiitU  crust  of  oiide 

•031 

•129 

DBfitfT  of  hur — after  eifK>sttn! 

1*790 

974 

Tot*!. 
OarbofL 

2-713 

•160 

2-7G4 


nicr'j  euutact  of  oxide  of  iron  with  grey  cast  iron,  both  being 

joid  state,  changes  the  latter  to  white  metab     This  alteration 

may  be  effected,  without  a  diminntion  beyond  5  or  10  per 

the  total  qtiantity  of  carbon  in  the  metal;  but  the  portion 

was  in  the  graphitic  form  is  almost  entirely  converted  into  the 

variety  by  the  exposure  to  the  fused  oxide.    This  is  shown 

i  fallowing  analyses: — 


BOOJll  TUUtMUIT. 


Amu  TftSATMZNT. 


Gr»pWtio 
Ottrbau. 

Combine 
Ojtfboji, 

.— S-4e0                              -290 

•533 

2-636 

,—zom                     :kS9 

•77« 

2-645 

,—           Not  cTfluiined, 

^226 

3117 

^                     Do. 

•046 

3112 

Uie  litst  two  casesi  the  graphitic  carbon  waa  not  black,  but  con- 
of  A  light  brown  powder;  which  however  gave  carbonic  acid, 
i  ptaoed  in  a  combustion  tube  in  a  current  of  oxygen  gas. 
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In  the  process  of  cementation,  bar  iron  is  exposed  for  some  dajil 
a  high  temperature  in  contact  with  charcoal.    Blister  steel  is  the 
snlt,  containing  various  proportions  of  carbon  according  to  the  qi 
required.    As  much  as  1  per  cent,  may  easily  be  oommnnicated  to 
iron  in  this  process. 

In  the  blast  furnace,  not  only  have  we  the  iron,  in  a  more  or 
reduced  form,  surrounded  on  all  sides  by  coke,  bat  the  metal  in 
spongy  state  is  permeated  in  the  most  complete  way  imaginable  by 
carbon  already  referred  to  in  these  pages,  as  deposited  fix)m  the 
bonic  oxide.  It  has  been  shown  by  Dr.  Percy  and  others  that  in 
combines  with  carbon  on  being  exposed  to  heat  in  an  atmosphere 
carbonic  oxide.  On  repeating  this  experiment,  I  found  carbonic  M 
in  the  gas  which  had  been  employed.  We  may  therefore  infer  tin 
carbon  was  precipitated  by  the  dissociation  of  the  carbonic  oxU 
(2C0  =  C  +  COj),  leaving  the  precipitated  carbon  to  combine 
the  metal. 

With  a  view  of  ascertaining  whether  it  was  necessary  that  th 
carbon  should  be  in  the  gaseous  form,  to  enable  it  to  combine  wil 
iron,  I  had  a  polished  disc  of  wrought  iron  screwed  on  to  a  sirnihl! 
one  of  cast  iron,  thus  obtaining  perfect  contact.  Around  the  ttl 
plates  of  metal  so  secured  a  casing  of  cast  iron  was  run,  abont 
inches  thick,  so  as  to  exclude  as  far  as  possible  all  access  of 
The  block  of  metal  with  its  enclosure  was  then  exposed  to  a  M 
heat  for  four  weeks,  in  one  of  the  hot  air  stoves  at  the  Claretf 
works. 

The  change  of  composition  in  the  surfaces  of  the  cast  and  wroo^ 
iron  discs,  which  were  in  contact  with  each  other,  is  exhibited  in  A 
following  analyses : — 

C^Iiu,H.  Ojrbon.^     ^«gj,     «S«Sl   ^SW 

Before  exposure  3*2^16      1*870  '109         I'M! 

iV  inch  planed  off  after  exposure     ...       2179      1*890  '104  IV$ 

Wroooht  Ibon. 

Before  exposure  '044         121  *008  'VB$ 

^g  inch  planed  off  after  exposure      ...        '392        *162  -009  M 

Increase 318        ;041  '001  'Ofll 

It  may  be  perhaps  open  to  question  whether  any  of  the  metalldcl^rti 
ccpt  the  carbon,  have  been  affected  by  the  mode  of  treatment  describA 
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Dcrease  in  the  Bolphur  and  phnsphonis  is  so  gm all  as  to  be  almost 

In  tlie  range  of  experimental  error.     The  additicm  to  the  dlicon 

ruogbt  iron  is  more  considerable;  but  there  is  also  a  slight 

in  the  percentage  of  this  substance  in  the  east  iron  surface, 

1  renders  it  somewhat  improbable  that  this  substance  has  moved 

as  it  were  towards  the  wrought  iron ;    the  excess  is  probably 

>  want  of  homogcneousncss  in  the  metal  used  for  the  experiment. 

is  particular  experiment,  as  well  as  in  a  previous  trial,  there  seems 

1  for  concluding  that  tlie  solid  carbon  seeks  to  establish  an 

Hence,  as  soon  as  the  wrought  iron  surface  has  absorbed 

of  this  metalloid  from  the  cast  iron,  the  place  left  vacant 

latter  is  partially  supplied  from  a  stratum  of  metal  immediately 

Eld  it. 

i^otwitlistauding  this  proneness  of  iron  to  combine  with  carbon, 

re  found  the  metal  in  the  hearth  of  a  liimaee  quite  fi'ce  ft*om  this 

(It-     This  was  discovered  on   examining  iron   infiltrated  into 

of  lime,  which  I  had  analysed,  for  the  purpose  of  sutisfyiug 

If  whether  carbonic  acid  was  not  brought  down  to  the  hearth  by 

of  an  imperfect  decomposition  of  the  limestone. 

production  of  white  iron  is  in  some  districts  not  the  result 

llj  aimed  at,  but  is  merely  due  to  imperfect  furnace  working. 

the  case  in  Cleveland,  where  grey  iron  is  what  is  generally 

Any  circumstance  which  interferes  with  the  uniform 

indation  of  the  ore  in  the  upper  region  of  the  furnace,  or  which 

to  reduce  the  temperatui-e  of  the  lower  region,  causes  what  is 

i  a  scouring  cinder,  and  with  it  the  production  of  white  irou. 

;ing  or  sctiffolding  of  the  materials,  or  the  use  of  small  ore  or  small 

,  interferes,  by  an  unequal  distribution  uf  the  gaseous  currents, 

I  the  process  of  deoxidation,  and  may  produce  a  like  efVect. 

[JUikont  the  base  of  silicic  acid  or  silica,  as  it  h  oft-en  designate,  is 

I  next  constituent  in  the  oi*der  in  which  they  sUxnd  in  the  analyses 

fjnoted.     Its  occurrence  in  pig  iron  is  easily  accounted  for, 

silica  is  almost  invariably  found  in  all  the  raw  materials 

ered  to  the  smelter.    Silicon,  it  is  true,  has  not  I  believe  been 

(K^pjin^ted  from  the  oxygen,  with  which  it  is  combined  in 

5  ttcid,  by  the  acrtion  of  carbon  and  heat  alone ;  but  the  iutens*? 

luqMiTJiture  of  the  blast  furnace,  aided  by  the  presence  of  highly-heated 
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iron,  appears  to  suffice  for  the  decomposition  of  this  oxide  of  silj 
At  the  same  time  it  must  be  remembered  that  in  Cleveland  iron,  w! 
is*  richer  in  this  metalloid  than  the  general  run  of  pig  irons,  the  i 
quantity  of  silicon  reduced  is  not  above  one-twelfth  of  that  wi 
passes  through  the  furnace.  It  is  however  quite  possible,  bj  cond 
ing  the  operation  at  a  very  high  temperature,  to  raise  the  pereeni 
of  silicon  in  the  iron  from  1  j  or  2  per  cent,  to  5,  6,  or  7  per  cent 
even  more. 

Although,  as  had  been  shown,  there  is  less  heat  evolved  at 
tuyeres  per  unit  of  iron  produced,  in  using  hot  than  in  nsing  < 
blast,  it  must  be  remembered  that  in  a  given  period  of  time,  o^ 
to  the  greater  make  of  the  hot  blast  furnace,  the  rapidity  of  evolui 
is  about  double  in  this  case  compared  with  that  of  the  cold  blast 
nace.  This  more  rapid  generation  of  the  heat  of  combustion  and 
influence  of  the  hot  air  itself,  may  establish  limited  foci  of  intc 
temperatures  near  the  tuyeres  which  it  is  impossible  to  detect 
analysis  of  the  products  of  combustion  or  by  any  known  meam 
thermometric  measurement.  In  this  way  it  is  possible,  in  area« 
restricted  dimensions,  silicon  may  be  produced  in  exceptional  quantit 

Iron  containing  any  approach  to  6  or  7  per  cent,  of  silicon 
absolutely  useless  in  the  foundry  and  forge.  It  is  extremely  brii 
when  in  the  form  of  castings,  and  its  richness  in  silicon  renders 
perfectly  unmanageable,  either  in  the  refinery  or  the  puddling  ftinu 
owing  to  its  powerful  action  on  the  masonry. 

The  analysis  of  two  specimens  of  siliconized  or  glazed  iron,  as  i< 
termed,  made  at  the  Clarence  Works,  gave  the  following  results:— 

a,  b, 

I  {a  f^raphitic  2-59,  combined  '79)  i 


Carbon 


j  {a  f?raph»tic  Z-&»,  combmea  'Ty;  I 
\{b  „      2-68,       „         -71)) 


Silicon 
Sulphar 
Phosphonu   ... 
Manganese    ... 
Calcium 
Magnesium   ... 
Titanium 
Iron 


3-38 

339 

513 

513 

•17 

•23 

112 

112 

•77 

•66 

•22 

•20 

•06 

•08 

•26 

•18 

8818 

89-70 

99-29 

100-64 
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espeditious  mode  of  correcting  the  production  of  this 

of  metal  is  to  lower  the  temperature  of  the  blasts  a  change 

at  ono^  makes  itself  folt  in  the  region  where  silicon  combines 

the  iron.    At  the  same  time  the  weight  of  ironstx>ne  is  increase*] » 

by  the  time  thia  inci-eased  burden  comes  down  to  the  tuyeres  the 

raided  again  to  its  normal  heat. 

on  is  usefnl  in  inci-easing  the  fluidity  of  the  metiil,  and  in  oon- 
uoght  to  be  sought  after,  in  moderate  quantities,  for  iine 
Where  strength  is  required  it  is  prejudicial,  and  in  the 
Idling  furnace  its  presence  is  the  reverse  of  desirable,  for  it  not 
diminishes  the  yield  by  its  presence,  but  it  increases  the  waste, 
>ant  of  the  readiness  with  which  the  silica  it  there  generates 
t)ine6  with  oxide  of  iron* 

tt  was  not  until  the  discovery  of  the  Bessemer  process,  that  any 
jht  was  bestowed  on  aiming  at  the  production  of  pig  iron  rich  in 
Lm,  In  order  t<»  maintain  the  desired  temperature  in  the  converter, 
m  is  considered  indispensable;  hence  a  Bessemer  steel  maker, 
the  ordinary  liematite  or  analogous  pig,  ref|uires  his  metal  to 
at  least  a  certain  percentage  of  this  element,  formerly  so  justly 
aed  for  most  purposes.  Indeed  cases  have  arisen  in  which 
[>iii2ed  iron  has  been  made  expressly  for  the  use  of  st^l  makers 
pg  the  open  health,  as  well  as  the  Bessemer  converter.  When 
^ever  pig  iron  is  of  such  quality,  that  it  hm  to  be  subjected  in  the 
jverter  to  the  basic  treatment  recently  introduoed,  the  presence  of 
H>n  i»  not  desired,  and  the  required  temperature  is  sought  to  be 
Biined  by  the  oxidation  of  the  phcpsphorus. 
SidphtiT. — In  almost  every  description  of  clay  ironstone  sulphur  is 
!  found  in  greater  or  less  quantity  ;  and  the  same  may  be  said  of 
every  variety  of  pit  coaL  As  a  rule,  in  both  minerals  the 
plmr  exists  as  a  bisulphide  of  iron  (Fe  S^),  although  in  gome  ceases 
I  (luantities  of  sulphuric  acid  may  be  detect4id,  generaily  combined 
with  lime.  The  calcining  of  the  ore  and  coking  of  the  coal  usually 
♦tpcl  half  the  sulphur  from  the  bisulphide  of  iron ;  so  that  the  fiirnace 
TT  -vi^rf^r  hag  only  to  deal  with  the  remaining  half  of  the  ingredient — 
1.  m  far  as  my  observation  goe«,  is  always  an  unwelcome  one  in 
For  the  foundry  it  hardens  the  metid ;  and  in  the  puddling 
.  poduces  red-shortness,  or  brittleness  when  the  bar  is  hot. 


164        SECTION  VIIL — SOLID  PRODUCTS  OF  THE  BLAST  FUEKACR, 


Fortunately  lime,  and  calcium,  the  metallic  basis  of  lime,  shii 
with  iron  a  powerfhl  affinity  for  sulphur;  hence  the  advantage  of  m 
limestone  in  excess  of  the  quantity  absolutely  required  as  a  flux. 
materials  used  at  an  iron  work,  as  well  as  the  products,  are  so  large 
volnme  and  so  fluctuating  in  composition,  that  it  is  difficult  to  obi 
figures  which  sliaU  correctly  represent  the  average  compositioa 
every  thing  which  passes  through  the  smelter's  hands.    As 
however  as  could  be  determined,  from  2^  to  5  per  cent*  of  the 
entering  the  blast  furnaces  at   the  Clarence  works  app^red  in 
iron,  while  the  remaining  95  of  97|  per  cent,  was  carried  off  tn 
slag ;  but  these  figures  would  require  a  certain  amount  of  ooi 
tion,  owing   to   a  small  quantity  of  sulphur  which  Jinds  its 
into  the  fUme  or  smoke,  accompanying  the  gases  as  they  leave 
ftimaoe. 

A  low  temperature  in  the  blast   furnace  seems  to   favour  tl 
afaeorption  of  sulphur  by  the  iron;  hence  it  is  that  white  pig 
usiMtly  contains  mors  of  this  metaUoid  than  is  fonnd  in  grey»  when 
wum  kind  of  materiak  are  Qaed  in  each  case.    One  specimen  of  wl 
ifdii*  already  referred  to,  was  raenlioiied  »  containing  -40  per  cent 
nl{ihnr;  wherNMi  in  the  grey  iron  made  at  the  same  works  from 
ttme  makfiah  tlfefire  it  oaaQf  oaij  tbomt  aiifr4enth  of  this  qnantitj. 

The  ihcl  thai  iB^flMr  h  ilwifB  fbaid  in  greater  quantities  ti 
white  than  in  grey  iron*  frotoced  ttom  Che  sune  materials,  entitles  at 
15  itttar  UmiI  the  rmagm  oT  tanpcntnre  which  obtain  in  the  hlaatj 
tartti»  nfictt  Uk  moUff  ll»  rfcwwicnl  reactaoos  which  take  place  in 
tte  hMHk  WUIt  iram  w  ii  wiB  laawn  is  the  result  of  ''cold 
mriuBf  r  and  Aakm  hm  htm  tkmfy  mde  tio  Um  fact  that  at 

r «f  inmimwaifkatr  m  weakened— noi 

,h«l  UwmM  ifpBir  limri  m  if  the  affinrt;  ot] 

*  JbrMt^rniriiM  la  tfnaglkoiad  bgr  higher  tenipm- 

I  ImI  iflmiiii^  MMi  jmm  9^k  to  liy  on  a  huge  scale  tlie 

«f  ««il»  tf  iNft  wMl  naAi  WMtii^  whidl, «  is  well  known,  is. 

m  0ff1p''ild  «f  l^i%«tMHiiwiMl«i^lMn  Ifcie  hm  named  sDbstancio^ 

tliill#fM«l«rakMlir|<r«^of  thewhole.    The 

ii»  |tii*wl|yniaC%>iHiilini  iial|ihiii  <if  mm,    Wbent; 
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liniug  gfjmt itiniHS  as  much  as  M  per  cent,  of  sTilpbur,  and  about 

cent,  of  cixyg'eni  when,  on  the  other  hand,  the  furaace  was 

•'hot/*  nearly  all  the  metal  was  in  the  form  of  cast  iron, 

ily  1  or  2  per  cent,  of  sulphur. 

K — The  case  is  quite  exceptional  when   anj  material 

in  a  blast  furnace  h  absolntely  tree  from  phosphorus;  the 

table  or  mineral,  the  flux,  and  the  ore»  all  appear  to  contain 

grcsater  or  lesa  quantitiee.     Beginning  with  the  oxides  of  iron 

[  in  the  grAnite  formation,  and  ending  with  the  lake  ore  forming  at 

it  day,  this  element  is  almost  invariably  present.     It  occurs 

always  combined  with  oxygen  as  phogi>hnric  acid,  in  the  form 

phat^s  of  iron  or  lime  in  the  ore,  or  as  pliosphate  of  lime  in  the 

ind  fuel.    When  a  phosphate  of  iron  or  lime  is  exposed  to  a  high 

ature  in  contact  with  carbon,  the  oxygen  is  separated  from  these 

mid  the  product  is  phosphide  of  iron  or  phr>sphide  of  calcium. 

pig  ir*in  then  dissolves  the  phosphide  of  iron,  or  decomposes  most 

1  phosphide  of  calcium. 

Thus  it  unfortunately  happens  that  by  far  the  lai^gest  quantity  of 

distance,  as  it  occurs  in  the  materials,  is  taken  up  by  the  iron.   By 

'  oourse  of  observation  to  that  adopted  in  the  case  of  sulphur, 

Icttlated  that,  of  the  phosphorus  existing  in  the  materials,  not 

,  QO  per  c^nt,  found  its  way  into  the  iron.^ 

(h  then*  is  no  doubt  that  the  presence  of  phosphorus  in 

I  quantities  interferes  seriously  with  the  strength  of  steel,  as  well 

hit  iron^  recent  ex^rience  rather  points   to  the  pctgsibility  of 

minute  proportions  not  only  being  admissible,  but  that  it  may 

dfaatjigeous  for  certain  purposes. 

Manganese    demands    an    extremely  high    temperature    for    itfi 
hdm  and   fiiHiou;    but  tlif^  reducing  power  of  the  blast  furnace. 


ilu|r  were  the  (|tiatititlej«  of  i^ulpliur  tiiid  pho9p1ii>rus  e&Icnlnttxi  to  he 
nt^rlali^  for  ever_y  100  p&rU  uf  pi^  iruii  prttdueetl  fnmi  calciiietl 


iTOiistnue 


Siulrihur 

I*ho»phonuL 

2-525 

1-253 

•035 

'0O7 

ism 

*318 

4-466 


1'57W 


166       SBCfTION  Vin. — SOLID  PRODUCTTS  OF  THB  BLAST  FO&lfAOX. 

and  the  presence  of  liquid  iron,  acting  as  they  were  described  to 
the  case  of  silicon,  always  effect  the  redaction  of  a  portion  o 
metal,  which  is  a  very  general  constituent  of  iron  ores.  The 
extent  to  which  this  happens  depends  upon  the  temperature  at ' 
the  furnace  is  being  worked.  For  steel  making. purposes  m( 
manganese  is  now  in  great  demand;  and,  by  the  use  of  a  light  bn 
of  ore,  ferro-manganese,  as  it  is  termed,  can  be  made,  containi 
much  as  70  or  80  per  cent,  of  manganese  or  even  more.  The 
however  is  so  difficult  of  reduction,  and  the  proneness  of  oxi 
manganese  to  combine  with  silica  is  so  great,  that  the  cinder  prm 
by  the  fiimaces  making  ferro-manganese  contains  a  considerabk 
centage  in  weight  of  this  metal.  A  further  loss  of  the  mang 
arises  from  the  intense  temperature  employed  in  the  prodncti 
ferro-manganese,  by  which,  as  I  was  informed  at  a  Westphalian 
no  less  than  3  per  cent,  of  this  metal,  as  contained  in  the  c 
evaporated  and  carried  off  in  the  frime. 

Specimens  of  slag  brought  from  Westphalia,  from  a  furnace  m 
ferro-manganese,  contained  as  follows: — 


SUica  ... 

29-66 

Alumina 

9-38 

Lime   ... 

36-62 

Magnesia 

2-14 

Baryta 

rao 

Potash 

-99 

Protoxide  of  Iron      

-57 

Do. 

Manganese 

15-28 

Sulphide  of  Calcium 

406 

Phosphoric 

Acid        

Trace 

99*98 


The  presence  of  manganese  is  sought  after  in  pig  intend© 
malleable  iron  and  for  steel  purposes.  The  clay  ironstones  from^ 
the  celebrated  makes  of  Bowling  and  Low  Moor  iron  are  made, 
tain  enough  of  this  metal  to  give  in  the  cinder  from  the  blast  fori 
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^^Bpk  tt  3*38  per  cent,  of  its  protoxide,  while  the  pig  itself  is  often  m- 
^^Hpl  with  1^  per  cent,  of  nianganeBe*  TVlien  the  meta]  used  id  the 
^^Pwr  oonTerters  ct>ntainB  a  Bnfficieocy  of  tnanganea^'j  Bpiegel-iron 
^b  ferro-manganese  may  be  dispcneed  with. 

^■Mir  Metals  in  Pig  Iron. — Little  can  be  said  of  the  influence 
^Hft  imj  of  these,  includin<i:  titanium  or  its  nitride,  exercise  on  the 
HuiitTof  the  iron  in  which  they  are  found.  Usually  they  ocenr  in  very 
BiBate  qaantities,  and  those  disappear  completely  during  the  proceas 
BpoddliDg.  Upon  one  occasion,  already  mentioned  in  the  prcBont 
Bcti<)n,  a  specimen  was  found  to  contain  as  much  as  1'24  per  cent,  of 
Itttjmn  and  magnesium  jointly.  This,  as  compared  with  all  other 
kfiilTses,  is  an  nnusually  great  amount;  and  bad  it  not  been  for  the 
Mtettlisrity  of  the  metal^  which,  with  only  V^Cy  ptT  cent  of  carbon, 
mimed  great  fiisibility,  I  should  have  set  it  down  to  experimental 
Nirror* 

With  regard  t(»  the  last  tw^o  metals,  together  with  almniniura 
which  also  occasionally  finds  its  way  into  pig  iron,  no  attempts  hove 
been  successful,  so  far  as  I  know,  in  separating  them  from  the  earths 
fnataining  them  by  the  agency  of  carbon  and  heat  alone.  The  usual 
method  is  to  call  in  the  aid  of  sodium,  which  at  moderate  temperatures 
%Me  to  decompose  the  chlorides. 

Now  in  the  blast  furnace  chlorine  in  the  fonn  of  common  salt 

ind  compounds  of  sodium  and  its  kindred  metal  potassium  exist  in 

^•rtain  quantities.      With  this  knowledge,  and  looking  to  the  fact 

Ibit  the  tumperuture  and  intengely  reducing  power  of  the  carbon 

tnd  gases  of  the  lower  sw>ne  are  by  no  means  inconsistent  with  the 

prfidnction  of  these  two  alkali  mctala,  I  sought  carefully  for  tnices 

I  o(  their  presence.    The  funiacf  vapours  were  made  to  pass  thraugh 

'  M  mercury,  but  I  entirely  failed  to  obtain  a  trace  of  either.     The 

|!  tJMides  of  potassium  and  sodium  were  next  suggested  as  a  possible 

%eiit,  for  decomposing  the  earths  containing  the  calcium,  magneeium 

idomininm.    Trials  were  made  in  the  laboratoij  with  this  object 

;  bat  these  hitherto  have  been  entirely  unsuccessful. 
In  tlie  consideration  of  this  eubject  we  must  not  of  course  lose 
it  of  the  circumstance,  that  in  the  blast  furnace  we  have  an  intense 
peratnre  rarely  available  in  the  laboratory,  that  there  is  an  enormous 
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quantity  of  highly  heated  iroii  constantly  dropping  through  the 
terials,  and  lastly  that  the  total  weight  of  metallic  matter  other  \ 
iron  rarely  exceeds  one  half  per  cent,  of  the  pig  produced. 

I  incline  also  to  the  belief  that  the  presence  of  silica  and  oi 
earths  in  the  fume  which  leaves  the  furnace  show  those  to  be  in  8 
a  state  that  it  is  very  possible  they  may  be  due  to  the  reozidatioi 
sodium  or  potassium.  We  shall  see  presently  that  these  earthy  c 
limates  are  not  found  at  the  tuyeres,  and  therefore  I  snspect  tha 
some  point  above  this  the  alkali  metals^  or  their  cyanides,  are  c 
cerned  in  the  reduction  of  the  silica,  lime,  etc. 

In  the  event  of  anything  happening  to  lower  the  deoxidizing  po 
of  the  blast  furnace,  particularly  in  its  lower  region,  it  is  only  reae 
able  to  expect  that  substances,  which  part  with  their  oxygen  wit! 
much  difficulty,  as  silicon,  calcium,  etc.  do,  or  whose  oxygen  a 
poimds  have  a  great  affinity  for  the  unreduced  oxide  of  iron,  she 
be  found  in  diminished  quantity  in  the  pig  iron.  Two  cases  are 
peuded  which  seem  to  point  to  this  conclusion,  but  the  occurreno 
these  metals  in  pig  iron  is  not  sufficiently  uniform  to  justify  its  gen* 
application. 


Carbon          

Clarence 
No.  1  Pig. 

317 

OUrenoe  Boash  White  In 
made  durinf  a  dflmuemo 
of  the  Funiaoe. 
1-96 

Silicon           

2-22 

•11 

Sulphur         

•19 

•96 

Phosphorus 

1-34 

•26 

Calcium         

•24 

•15 

Maf^esium    ... 

•06 

•06 

Manganese 

•42 

•11 

Titanium       

•24 

— 

7-88 

361 

Iron 

...      91-50 

9780 

99-38 

100^91 

Cinder. — ^The  quantity  of  slag  or  cinder  produced  per  ton  of  i 
varies  with  the  quantity  of  earthy  matter  in  the  ore.  At  Fullonic 
found  that  in  smelting  Elba  ore,  it  did  not  exceed  10  per  cent,  of 
weight  of  the  iron;  in  other  cases  it  is  sometimes  nearly  200  per  a 
In  Cleveland  it  is  about  130  per  cent.,  while  in  the  north  wesi 
England,  using  hematite,  it  is  only  about  60  per  cent. 
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In  order  to  promote  the  Bepai-ation  of  the  cinder  from  the  metat, 
hkectfths  cc«mposing  the  former  mast  constitute  a  iieadily  tVisible  8uh- 
Eillioe.  A  sacrifice  hu wever  must  s<jmetime8  be  made  in  respect  to  the 
[itelting  point  of  the  cinder  in  order  to  free  the  iron  from  Bulphnr, 
■uBft  the  earths*  in  the  pruportions  in  which  they  exist  in  Cleveland 
■PBe,  melt  with  fac^ility;  but,  when  an  attempt  was  made  at  the 
parcnce  works  to  dispense  with  the  use  of  limestone,  the  iron  became 
ghly  charged  with  sulphur  as  to  be  ujeeless. 
Itbongh  in  the  vast  majority  of  cases  lime  is  a  constituent  of 
ftimaoe  slags,  itfi  presenoe  is  not  indispensable,  as  may  be  seen 
the  following  analysis  of  a  specimen  obtained  in  Rhenish  Prussia, 
llhich  oxide  of  manganese  occupies  the  place  of  tliis  earth. 


Silica      

4957 

4839 

Alumina 

900 

6-66 

Pn>toude  of  Manganese 

25-8t 

33-96 

3Cftg:ncila          

15"15 

10'22 

8ttlphtiT 

m 

'08 

Protoxide  of  Iron 

OJ. 

-06 

mm 


f>9:i7 


Uy,  ordinary  blast  furnace  dags  may  be  regarded  as  a  sili- 
of  lime  and  alumina,  in  which  more  or  lem  magnesia  is  usually 
It.    M.  Berthier  pointed  out,  in  his  "  Essais  par  la  Voie  Scche/* 
gflica,  combined  with  any  one  of  these  three  earths,  meited  with 
difficnJty;  and  this  is  the  reason  why  the  Cumberland  ore,  con- 
only  silicious  matter,  in  addition  to  lime  works  best  with  an 
xture  of  alnminous  ore,  in  order  to  form  a  double  siliciite  of 
I  and  alumina  and  thus  obtaiu  a  fusible  slag.     Mixtnres  of  diiferent 
ones  are  frei|uently  recommended  on  the  gi'ound  that  the  iron  is 
than  if  they  ha\'e  been  smelted  singly,  the  fact  probably  being 
tt,  in  the  latter  case  want  of  fusibility  in  the  cinder  interferes  with 
}  Steady  working  of  the  furnace. 

Portnnately  for  the  pig  iron  maker,  the  composition  of  slags  admits 
[great  latitude,  in  the  relation  the  earths  bear  to  each  other,  without 
■ing  seriously  with  tlieir  iiisibility.     The  following  numbers 
the  very  diflerent  relations,  in  which  the  four  earths  usually 
at  in  furnace  cinders  are  met  with  in  dillerent  localities;  all  being 
3ently  ftmble  for  easy  separation  from  the  metal 


South  WftlMk 

Per  Gent. 

PerOeaL 

Cl0f«tai 
PwOec 

46 

40 

29 

13 

15 

25 

37 

37 

40 

5 

8 

6 
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OompoBition  of  Slags. 

Silica 

Alumina  

Lime     

Magnesia         

100  100  100 

In  reality  however  blast  fiimaoe  cinder  is  a  innch  more  compl 
body  than  is  exhibited  by  a  mere  table  of  its  earthy  component  par 
as  may  be  seen  by  the  following  analyses  of  specimens  from  t 
Clarence  works : — 

Silica 

Alumina        

Lime 

Magnesia       

Sulphur         

Phosphoric  Acid 
Soda  and  Potash 
Protoxide  of  Manganese 
Do.  Iron 


Notwithstanding  the  intensely  powerful  reducing  agency  at  w 
in  the  blast  furnace,  it  is  extremely  doubtful  whether  the  cindei 
ever  entirely  devoid  of  any  traces  of  iron;  and  I  believe  this  is  diK 
the  fact  that  there  is  always  retained  by  iron  a  last  trace  of  oxyg 
so  firmly  held  by  the  metal  that  neither  carbonic  oxide  nor  even  carl 
can  tear  it  away. 

The  quantity  of  protoxide  of  iron  (Fe  0)  usually  found  in 
Clarence  cinder  is  "27  per  cent,  containing  '21  per  cent,  of  iron; 
as  small  a  quantity  as  -12  per  cent,  of  iron  has  been  found  in  A 
scoriae. 

The  increase  of  iron,  abready  referred  to  as  present  in  the  dr 
when  making  the  lower  qualities  of  iron,  is  apparent  in  the  follow 
analyses  of  specimens  taken  from  the  Clarence  laboratory  books;— 

*  The  probable  cause  of  the  excess  above  100  is  that  all  the  calcium  is  calcol 
as  lime,  whereas  part  of  it  would  be  combined  with  sulphur. 


27-65    . 

..    80-84 

24*69    . 

..    26-71 

40-00    . 

..    84<» 

3-65     . 

..      6-92 

1-95     . 

1-82 

•62     . 

•34 

1-46     . 

..      130 

•86    . 

•26 

•72    . 

•23 

100-88* 

101^46» 
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.  #p«cinjcn  of  cinder  trma  n  furnace  making  grey  forge  ww 

f<rtirwl  to  contjiiii ,         IKJ^  9^  of  iron. 

^Uo,  dittOj  smooth  white  iron^  ditto  1*40  %      f, 

►itUv  ditto,  rough  white  Iron,  ditto  2*83  9^      „ 

[It  is  therefore  from  the  csontiBiioua  flow  of  cinder  that  the  fumaoe 

ia  enabled,  by  its  colotir^  to  form  an  opinion  ou  the  cun- 

1  of  his  furnace,  and  on  the  quality  of  iron  he  may  expect.     By 

indication,  an  experienced  eye  will  predict  with  gi'eat  precision 

\  grade  of  iron  being  made  at  the  time.    Not  only  so,  but  a  watchtnl 

ger  Jeama,  by  indications  of  tfixture  in  the  cinder,  to  foresee 

ending  changes  in  the  fiiraace;  and  he  is  thus  enabled  to  prepare 

'  them  aa*'0rdingly. 

In  many  instances,  however,  the  presence  of  oxide  of  iron,  as  found 

[the  cinder,  cannot  be  the  reason  of  the  change  in  the  quality  of  the 

J,  owing  to  the  smallness  of  its  amount.     In  such  cases  the  colom* 

[the  tilag,  due  to  this  presence,  must  therefore  be  accepted  merely  as 

I  indication  that  tlie  temperatuiB  of  the  furnace  is  inadequate  for  the 

duction  of  grey  iron, 

Wben  the  cinder  contains  anything  like  1  per  cent  of  protoxide  of 

I  ('77  of  Fe),  it  m  black  in  colour,  but  this  does  not  indicate  a  state 

FthiogB  under  which  a  furnace  cannot  be  permanently  and  conveniently 

[  on.     The  extent  however  to  whicli  iron  is  found  in  slag,  with- 

proddcing  inconvenience,  seems  to  vary  somewhat  with  different 

^%tiii8  is  possibly  due  to  the  relation  the  earths  bear  to  each  other, 

)  the  composition  of  the  metal. 

In  the  Duchy  of  Luxembm'g,  at  Nancy  and  elsewhere,  an  ore 

ttbling  in  geological  position  that  of  Cleveland  is  largely  smelted 

r  forge  purposes,  the  product  being  white  metal.    This  ore  is,  however, 

in  silica  than  that  of  North  Yorkshire,  as  may  be  obseiTed  by 

!  relations  which  this  sabstance  bears  to  the  alumina  and  lime  in 

J  ftimace  cinders  of  the  two  districts  : — 


Silicsi 
Aliu»iti;i 


Clereland. 

Umacf 

34 

41 

L'J 

20 

12 

30 

100 


100 
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Such  iindera  as  run  from  the  furnaces,  when  producing  white  J 
at  Nancy,  contain  fruni  2  to  3  per  cent*  of  protoxide  of  iron, 
metal  is  very  suitable  for  puddling  purposes,  and  has  the  follon 
composition  ^ — 

C^krhou        2-339 

Silicon         ,.       *460 

J?ulphTir       ..,         '431 

PboKphoniM,..         ...         ...         *,.         »..     VS9Z 

Mttiigauese ...  , *092 


5-214 
.  94^789 

100-003 


In  instances  of  extraordinary  derangement,  the  cinder  may 
80  overloaded  with  iron  oxide  as  to  reduce  the  iron  to  the  condition 
a  pasty  mass,  due  partly  to  the  reduced  temperature  of  the  hearth, 
pailly  to   the   inlusible   natui-e  of  the   metal    itself.      Under  &\ 
circimistaucea  it  becomes  impossible  to  work  a  furnace  eatiBfactoi 
The  slag  resembles  mill  cinder  in  appearance,  and  the  iron  is  so  thi 
that  it  sets  on  the  hearth,  giving  rise  ultimately,  if  continued,  to  wl 
is  techiiic4illy  known  as  **  gobbtni^.'"    There  m  besides  so  imperft 
a  separation  of  tJie  two,  that  a  good  deal  of  the  iron  is  carried  ai 
mechanically  along  the  slag  ranner.     In  such  cases  it  is  more  tl 
probable  that  during  the  mere  passage  of  the  iron  through  the  cin< 
it   may   lose  a  portion   of  the   carbon   with  which  it  had 
^  aasociated  in  an  upper  region  of  the  furnace. 

Cooling  attends  the  '*  overburdening"  of  the  furnace^  The  carl 
oxide  has  then  imposed  upon  it  morci  duty  than  it  can  peifoi 
unreduced  ore  descends  into  the  heai'th,  and  the  result  is  a  bl 
cinder.  Tlie  same  effect  may  be  brought  about  by  anything  which 
lowers  the  temperature  of  the  zone  of  fusion^  even  when,  at  the  time 
thii  oocnrs,  reduction  is  being  suitably  carried  on  in  its  proper  place* 
A  very  common  cause  of  this  temporary  disturbance  is  the  admission 
of  water  by  a  faulty  tuyere. 

The  decomposition  of  water  is  attended  with  a  great  absorption  of 
bdAt — no  less  than  34,000  calories  per  imit  of  it«  combined  hydrogen, 
benidei  that  which  is  ref[uired  for  iu  conversion  into  vapour.  If  we 
ajwmnje  eoch  unit  of  coke,  as  it  is  burnt  with  hot  air,  to  give  9>S00 
i:aloric»i  thisn,  after  k^^^^  ^^  water  credit  for  the  heat  it  generates  by 
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of  the  fuel,  it  may  be  taken  that  the  admission  of  15  Ibe., 
g^aHons,  of  water  per  minute,  into  a  fiirnace  making  about  400 
br  week,  requires  an  addition  of  3'2  cwt8.  of  coke  per  ton  of  iron. 
great  indeed  is  the  absorption  of  heat  from  the  injection  of 
fek  the  tuyeres,  that  differences  in  the  extent  of  moisture  in  the 
iherc  may  occasionally  be  enough  to  acconnt  for  variations  in  the 
performed  It  has  frequently  been  remarked  in  winter,  at  a 
'extreme  cold,  that  blast  furnaces  work  more  steadily  and  with 
rl  tlian  in  summer.  Indeed  this  fact  was  constantly  quoted  as  a 
against  the  use  of  the  hot  blast  in  its  early  days.  No  doubt  the 
was  due  to  the  comparative  absence  of  moisture  in  the  air;  and 
virtue  wa*  attributed  to  the  mere  coldness  of  the  air  which  did 
ilong  to  it. 

is  I  believe  capable  of  demoufitration  that  the  reduction  of 
in  amoufit  of  oxide  of  iron  within  a  very  short  distance  of  the 
5,  and  the  escape  of  a  trace  of  the  same  into  the  sla^»  is  probably 
idable;  but  for  many  reasons  the  smaller  this  amount  is  the 
L  If  this  iindecomposed  oxide  be  unduly  increased,  it  is  beyond 
iwer  of  the  fuel  at  the  hearth  to  effect  a  proper  amount  of  deoxida- 
and  the  unreduced  metal  is  carried  off  in  undue  quantity  by  the 
[iring  to  it  the  well  known  dark  colour. 
i€   cinder  from  blast  fiimaoes,  certainly  from    those  in   the 

P  district,  possesses  a  property  which,  were  it   |)0S8ible  to 
the  oxide  of  iron  it  contains,  ought,  one  would  imarrine,  to 
that  result.      This  property  consists  in  the  oeclusion,  or  power 
ition  of  a  considerable  volume  of  the  gases  found  in  the 
iteelf,  nearly  50  per  cent,  of  these  being  gas  of  a  higiily 
Itsing  nature. 

br  the  first  time,  so  far  as  I  know,  these  have  lately  been  made 
ibjecf'  of  analysis  at  the  Clarence  works.     Two  of  thes^e  were  as 

FunuL^e  90  feci  high  making  Grey  Iron- 


IkiteoeODllMUoo 

..      Oct  1,187?. 

Oct  3 Am 

tef  innMiireracnt — 

Cftrbonic  Acid  and  Sulplitirotts 

Aciil 

.,,     6*28 

um 

Oirl>o»ic  O^ide 

2H'm 

2077 

SNUS 

41-44 

«itTl3!g^tl 

.  25'DI. 

1391 

i 

loooo 

100-00 

14-62 

32-55 

"04 

-Oi 

42-72 

41^ 

418 

413 

88-49 

21-80 

100-00 
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By  wdght — 

Carbonic  Acid 

Solphurons  Acid 
Carbonic  Oxide 

Hydrogen        , 

Nitrogen         


There  is  no  doubt  that  the  volume  of  gag  so  absorbed  is  ft 
considerable,  because,  being  emitted  as  the  cinder  cools,  it  qfben  gv 
rise  to  the  bursting  of  the  square  masses  of  slag  into  which  it  is  n 
The  outer  portion  of  the  mass  being  first  solidified,  forms  a  di 
which  is  frequently  fractured  by  the  pent  up  gas.  This  is  ofl 
attended  with  considerable  explosive  force,  not  altogether  free  h 
danger  to  those  who  may  be  in  the  inmiediate  neighbourhood.  Besit 
the  true  gases,  which  escape  from  the  flowing  stream  of  cinder,  a  p 
tion  of  its  solid  constituents  are  occasionally  emitted  in  the  form  o; 
white  smoke;  the  actual  weight  of  which  however  is  very  sm 
This  always  happens  in  smelting  iron  at  a  high  temperature  fr 
Cleveland  stone.  By  condensing  and  collecting  this  vapour,  proba 
oxidized  after  leaving  the  slag,  it  was  found  to  consist  of : — 

Free  Sulphuric  Acid,  SO,  488 

Sulphate  of  Potash  85*25 

Do.         Soda 7*46 

Do.         Magnesia      2*41 

100-00 

Furnace  Fume. — ^A  certain  amount  of  fine  dust  is  propel 
mechanically  from  the  blast  furnace,  by  the  mere  force  of  the  curr 
of  gas  escaping  at  the  tunnel  head.  This  consists  of  powder  of  ir 
stone,  and  minute  particles  of  coke,  the  limestone  being  rarely  in  si 
a  condition  as  to  size  to  permit  of  its  being  so  ejected.  Besides  tl 
there  issues  from  most  furnaces  a  vast  volume  of  a  white  vapo 
like  matter  or  fume,  of  a  varying  composition,  but  difiering  alw 
widely  from  any  of  the  materials  charged  in  at  the  top.  A  consic 
able  portion  of  this  condenses  very  speedily;  but  a  part  probe 
from  its  very  minute  state  of  division,  passes  through  the  boiler  i 
stove  fire  places,  and  floats  away  for  a  very  great  distance  from 
chimneys  of  our  iron  works.  Any  questions  connected  with 
generation  and  emission  of  this  sublimed  matter  will  be  more  o 
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cmienily  oonndered  in  the  following  Section,  which  it  is  intended  to 
lerote  more  ezdosivelj  to  the  chemical  changes,  as  they  occor  in  the 
hmaoe. 

As  a  matter  of  practical  interest  this  sublimate,  if  snch  it  be,  is  of 
Btle  importance:  except  that  its  presence  is  the  source  of  considerable 
■oonvenience  and  expense  to  the  furnace  manager.  It  gradually  forms 
k  eoadng  on  the  boilers  and  hot  air  apparatus  which  interferes  greatly 
rith  the  transmission  of  the  heat  to  their  contents.  The  removal  of 
pji^  and  the  emptying  of  the  flues  of  a  large  quantity  of  hot  b'ght 
mt,  oocapies  a  considerable  time,  and  is  a  very  disagreeable  occupa- 
im  for  the  men  engaged  in  the  operation. 
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SECTION    IX. 


ON  THE  OHEMIOAL  CHANGES  AS  THEY  TAKE  PI 
IN  THE  BLAST  FURNACE, 

In  the  four  preci<din^  Sections  the  results  obtained  by  the  use  ( 
hUuit  fLirunr<?  have  been  described.  In  doing  this  some  general  < 
lion  of  tlio  diemistrj  of  the  process  was  unavoidable;  bnt  in  order) 
i"rndcr  this  inorv^  wmplete,  I  have  deemed  it  desirable  to  devetoj 
aopiutito  Section  to  a  more  minnte  examination  of  the 
eacperienoed  by  the  materials,  during  their  descent  from  the  top  fcol 
lower  piit  of  tli9  BtniciQi«.  Thi.^  mode  of  dealing  with  the  snbjf 
mtolTisB  0cimo  repetition,  but,  even  with  this  inoonvenience,  the  i 
tioRof  llw  oyof  ftmclioiisof  ihe  (taiftce  ih^ 
^i^umlmt^  bm  oeeii|i;ii^  pfcliapa  a  mbordinate  position  as  a  qn 
oftedittiQal  itilerestf  bas  its  i 

TIm  iWjKifd^  «f  thwnfcal  Mtma  wUeli  uhm  place  in  the  1 
f  ii  <!ti|JiqaM>  mtA  m  iHMai  tiff  p«ttic«hr  localitir  is  M 
1 81  mk ttHwikh    Tw  nnwante  sdioii  on] 
,  tm.  imt^  cokie  awl  liMaM«a.  wtai  Atj  eater  a  dam  i 

I  «ili»  aitb  vfcidk  ^pid^r  ^ommfmom  to  lo»  a  ] 
«r  ka  ¥>ayj<a ;  llwrn  iAiwr»  iIm  «iliiw  ^tkick  ii  aitafiwi  lo  a 
I  l(r  MiiMb  i«Mi  att4  kil^  lilt  tesMtt^ wittck  dim  Dol  1 

[>iiiii[|  III  mi^ what  tfaj 
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iuoed  to  the  fiiU  extent  to  whinh  it  I8  susceptible,  owing  to  thi? 

ag  gaacfi  not  having  completeljr  penetrated  its  mass.    8nch  a  state 

llings  as  that  jnst  mentioned,  renders  it  impossible  to  judge  of  the 

character  of  the  action  by  an  examination  of  a  particular 

imen  or  specimens  of  the  materials,  selected  from  so  large  a  bulk 

at  operated  on  in  the  furnace.    The  composition  of  the  gases  is 

fore  a  more  convenient,  if  not  the  only,  mode  of  estimating  the 

of  the  changes,  as  they  occur  at  different  heights  of  the 

Practically  we  may  consider  the  gases  at  or  a  little  above  the 

to  consist  of  atmospheric  nitrogen  and  oxygen,  accompanies!, 

i  making  grey  iron,  by  as  much  carbon  as  converts  the  latter  gas 

I  caLTboQJc  oxide.    Any  addition  of  oxygen  to  tliis  normal  quantity 

be  derived  from  the  limestone  or  ore;  and  any  subsequent  increase 

rbon  in  the  gases  muat  be  contributed  by  the  limestone  or  coke. 

QptioiD  pre-supposes  that  any  carlx>nic  acid  in  the  ore  has 

ex]>elled  by  calcination,  and  neglects  taking  into  account  the 

lively  small  weight  of  oxygen  due  to  the  decomposition  of 

aetric  moisture. 

rbis  pneumatic  estimate  is  subject  to  many  causes  of  disinrbance* 

\  specimen  of  gas  ul>tained  for  examination  is  necessarily  drawn  from 

of  limited  dimensions,  and  may  be  so  affected  by  local  con- 

mR,  as  not  to  represent  an  average  of  the  zone  from  which  it  is 

From  any  iiTcgularity  produced  in  the  way  just  deacribed,  the 

I  at  the  point  of  final  discharge  may  be  considered  to  be  exempt; 

.  these  again  are  liable  to  very  great  fluctuations  in  composition* 

ling  to  the  period  after  charging  at  which  they  are  taken.    The 

1  a  rule,  have  their  furnace  quite  full  at  noon,  when  they  go  to 

r;  and  between  this  hour  and  one  oVjlock  no  fresh  charges  are 

During  this  period  the  carbonic  oxide  is  rapidly  acidified 

looddc  of  iron,  and  the  temperature  of  the  gases  rises  cronsiderably, 

following  tiible  exhibits  the  volumetric  composition  of  the 

u,  tjommencing  a  little  before  noon,  when  the  quantity  of  carbonic 

was  much  below  the  usual  average — i>wing  probably  to  its  action 

ofter  portions  of  coke,  in  the  manner  described  in  the  Section 

The  furmwx'  supplying  the  samples  had  a  capacity  of  17,500 

tfxt:— 

h 
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Hour 

Carb.  acid  ... 
Garb,  oxido  ... 
Hydrogen  ... 
Nitrogen 

Vols.  CO,  per  i 
100vol8.of  CO  f 

It  may  be  convenient  to  observe  that  giving  the  volumetric  relat 
of  CO  and  COg  to  each  other,  expresses  at  the  same  time  the  rati( 
carbon  in  each  by  weight. 

The  large  increase  of  carbonic  acid  in  the  gases  just  referred  tc 
necessarily  accompanied  by  a  considerable  evolution  of  heat;  but 
heat  so  generated  is  practically  nearly  all  wasted,  because,  owing  to 
point  where  the  chemical  action  takes  place,  viz.  near  the  upper  surf 
of  the  materials,  it  is  carried  off  in  the  escaping  gases.  In  additioi 
this  a  considerable  quantity  of  heat  rises  from  the  hearth,  and  being 
longer  intercepted  by  the  presence  of  freshly  charged  materials,  fi 
its  way  out  at  the  tunnel  head.  The  following  observations  made  i 
furnace  80  feet  in  height  with  a  capacity  of  25,500  cubic  fi 
illustrate  the  rise  in  temperature  as  just  stated: — 

g«es  Xr  Charging.  ^^.t^uSS         enl^riod,         ten.pe«tnre 
•F.  hr.     min.  *  P.  *  F. 

816    ...    237 


No.  4  furnace  579  ...  1  26 

564  ...  1  20 

593  ...  1  23 

„      586  ...  1  40 

No.  5  furnace  608  ...  1  30 

„      et4  ...  1  20 

586  ...  2  30 

629  ...  1  42 


814  ...  250 

797  ...  204 

788  ...  202 

844  ...  286 

8ai  ...  190 

887  ...  301 

867  ...  238 


1   36    Average  ri»e  ...    232-129^ 

The  increase  of  temperature,  while  discontinuing  the  charging^i 
be  thus  regarded  in  this  case  as  amounting  to  80**  C.  (144°  F.)  per  h( 

The  increase  of  carbonic  acid  in  the  gases  and  the  rise  in  tl 
temperature,  are  chiefly  due  to  the  ore  parting  with  its  oxygen  and  t 
acidifying  the  carbonic  oxide  and  partly  to  a  dissociation  of  carbc 


100  .. 

.   5« 

100  . 

44 

n:>» 

54 

HH(   .. 

128 

]iU] 

ye 

j ' '" 

44 

|tan< 
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A  precisely  opposite  effect  \b  produced  when  coke  alone  is 
]ced — the  carbon,  particukrlj  the  softer  portions,  aa  described 
eciion  YTI.  are  attacked  by  the  hot  carbonic  acid  and  the  I'elationg 
f  volmno  of  the  two  carbons  undergo  an  immediate  change. 

ag  50  minutes  no  materials  had  been  charged  into  a  fiiraafe 
feet  having:  a  capacity  of  17,500  cubic  feet. 

Cvb,  Oxide,  Oftrb.Aeid 
VolA,  Vote. 

\  At  end  of  tlda  time  the  carbonic  oxide  luid  carbonic 

arid  f^a^ei  were  fonnd  to  eiiiet  in  the  ratio  of         ,.,         100     to     105 

[£2  cwt**  of  coke  were  thtn  iiitroduced<  im mediately 

ftf tcr  wblch  tbe  e^capiii};  gikms  contained  for 

f  la  16  miuutei  af  t4?r  thle  the  proportions  were 

42        ,t         after  last  trial 

46       „ 

65       ,. 

25       ,, 

te  le«taon  taught  by  the  figures  just  given  is,  that  those  portions 
le  cuke  more  easily  attacked  by  carbonic  acid  give  rise  to  u 
decrease  of  this  gas  by  its  conversion  into  carbonic  oxide.  This 
oa  until  these  are  gasified,  when  the  carU^nic  acid  commences  to 
in  quantity  by  not  finding  any  moix?  carbon  whiclj  it  is  capable 
iVing.  Ultimately  the  proportion  of  carbonic  acid  again  falls, 
the  fact  that  the  greater  portion  of  the  ore  is  reduced  and  is 
lie  of  furnishing  the  right  equivalent  of  oxygen,  for  a  proper 
tiou  of  the  gases  with  this  element.  As  might  be  er[x^cted  the 
iate  effect  upon  the  escaping  gases  by  the  introduction  of  coke, 
0,  and  ore  is  one  of  a  cooling  character,  arising  from  the  mere 
of  their  passage  through  suVietances  cooler  than  themselves.  I 
ined,  in  tbe  laboratory,  that  weight  for  weight,  the  power  of 
pting  he4it  of  the  thi^e  materials  used  in  the  Cleveland  district 
aU»ot  the  same.  Bulk  for  bulk  however,  the  ironstone  possesses 
the  cooling  capacity  of  coke  and  in  reality  it  was  found,  in  the 
fiiniace  that  2A  cwta.  of  ooke  reduced  the  temperature  of  the 
fl^  C.  (38**  P.)  while  50  cwts.  of  ore  and  limestone  cooled  them 

vivcc  in  tilt'  lnhotatory  res'iltH  ai>d  those  afforded  by  the  furtiQce  is 
1  'uth  contained  In  the  ironstone  as  it  if»  brought  frum  the  kilua* 


180        SECTION  IX.— CHEMICAL  CHANGES  IN  THE  BLAST  FURNACE. 

In  each  case  the  observation  was  madefive  minates  afterchaigiDg 
before  the  materials  were  considered  to  have  become  snfficienUj  hm 
to  start  chemical  action.  Of  coarse  on  introdacing  a  complemen 
the  materials,  or  a  round  as  it  is  termed,  the  cooling  action  beco 
complicated — the  first  contact  of  the  gases  with  the  solids  is  aoo 
panied  by  a  fall  of  temperature  of  the  former,  which  is  then  overpovf 
by  the  formation  of  carbonic  acid,  consequent  upon  the  redactioi 
the  ore— further  cooling  takes  place  by  the  action  of  the  newly  fon 
carbonic  acid  on  the  coke  and  next  by  the  dissociation  of  the  limestc 

When  the  materials  are  rapidly  charged,  as  happens  inmiediaj 
after  the  dinner  hour,  the  net  result  of  the  two  antagonistic  tender 
just  spoken  of,  was  ascertained  at  the  Clarence  Works  to  be  one  c 
cooling  nature.  On  resuming  the  duty  of  charging,  it  requires  someih 
like  one  hour  for  the  men  to  fill  the  famace  to  its  proper  level,  dor 
which  time,  about  20  tons  of  materials  are  introduced.  The  ava 
of  eight  observations  indicated  a  fall  in  the  temperature  of  the  gaaei 
233°  F.  (129°  C.)  i.e.  they  fell  from  880°  to  597°  F. 

In  order  to  complete  the  observations  on  the  temperature  of 
escaping  gases  from  an  80  feet  furnace,  as  it  is  affected  by  chargi 
the   table  is  inserted,  containing  the  changes  in  temperature 
minutes  before  and  five  minutes  after  charging. 

In  conducting  any  experiments  to  determine  the  action  of 
furnace  gases  on  oxide  of  iron,  the  constant  changes  which  occni 
the  temperature  and  composition  of  the  former  must  be  borne  in  mi 


before 
charging. 

Xalure  of  the  charge 
Introduced. 

Temperature 
charging. 

Mudmai 

difference  bei 

eaohohai] 

•F. 

•C. 

•F. 

•0. 

•F. 

655 

346 

24  cvrts.  coke. 

640 

338 

— 

525 

274 

r 

>» 

calcined  ironstone  and  1 
limestone.                 ; 

405 

256 

-  130 

496 

256 

24 

»f 

coke. 

450 

232 

-    30 

435 

224 

50 

ironstone  and  limestone. 

415 

213 

-  eo 

420 

215 

24 

coke. 

400 

204 

-    15 

380 

193 

50 

ironstone  and  limestone. 

365 

185 

-    40 

475 

246 

24 

coke. 

430 

221 

+    95 

405 

207 

50 

ironstone  and  limestone. 

405 

207 

-    70 

395 

202 

24 

j» 

coke. 

375 

191 

-    10 

370 

188 

50 

» 

ironstone  and  limestone. 

365 

185 

-    25 
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Funune  was  now  fall — ceased  charging  for  one  hour.  Charges  sank 
heft  below  the  charging  bell  after  which  the  temperature  rose  to 
!•  P.  (871**  C.)  when  charging  was  resumed. 


»  an 

&  296 
D  277 
1238 


Nabm  of  the  charge 
introduced. 


24  cwts.  coke. 

Furnace  charges,  4  feet  down. 
50    ,1     ironstone  and  limestone. 
24    9,      coke. 
50    »     ironstone  and  limestone. 


Temperature 

after 

charging. 

Maximum 
difference  between 

•  F.      •  C. 

•  P.      •  C. 

625    329 

•^  330    183 

585    268 

-  135      75 

510    264 

-    35      19 

445    229 

-    70      39 

It  is  almost  needless  to  say  that  the  temperatures,  given  as  those 

m  5  minutes  after  charging,  do  not  indicate  the  entire  cooling 

oence  of  the  charge;  for  it  will  be  seen  that  the  heat  of  the  gases 

tinues  to  fell  up  to  the  period  at  which  the  succeeding  charge  is 

rodnced. 

Upon  another  occasion  at  a  furnace  80  feet  high  with  a  capacity  of 

500  cubic  feet  the  following  readings  were  obtained: — 

Hour. 


10-  5 
10-10 
10-15 
10-20 
10-2O 
10-30 
10-35 
10-40 
10-45 
10-50 
10-55 

11-  0 
11-  5 
1110 


Temperature. 

">¥. 

•C. 

575 

302 

605 

318 

670 

354 

700 

371 

750 

399 

800 

427 

835 

446 

875 

468 

935 

502 

975 

524 

1,015 

546 

1,025 

552 

1,075 

679 

1.140 

615 

So  materials  were  introduced  during  these  Go  minutes.  Furnace 
.tils  time  was  three  complete  rounds  down,  equal  to  271  ^  cwts. 
rjred  25  cwts.  of  coke. 
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Hour. 

A.M. 

•F. 

•0. 

1115    ... 

Charged  65|  cwts.  of  ore  and  flux. 

1,140 

615 

11-20    ... 



l,(»t6 

552 

11-25    ... 

... 

930 

499 

11-30    ... 

Charged  25  cwts  of  coke. 

930 

499 

11-35    ... 

Charged  66J  cwts  of  ore  and  flux. 

930 

499 

11-40    ... 

Charged  25  cwts.  of  coke. 

930 

499 

11-45    ... 

... 

800 

427 

11-50 

Charged  65^  cwts.  of  ore  and  flux. 

11-55    ... 

Charged  26  cvrts.  of  coke. 

750 

399 

12-  0    ... 

... 

725 

385 

12-  5 

Charged  65J  cwts.  of  ore  and  flux. 

1210    ... 

680 

360 

MO    ... 

... 

1,070 

677 

In  this  instance  the  temperature  of  the  gases  has,  from  the  mode  of 
charging,  risen  considerably  above  the  average  of  that  at  which  tiaef 
leave  this  particular  furnace,  which  does  not  usually  exceed  680^  F. 
(332°  C.) 

In  making  any  estimate  of  the  quantity  of  heat  thus  carried  awif 
in  the  gases,  an  allowance  must  be  made  for  that  contained  in  the  iioib 
stone  which  is  used  warm  from  the  kilns.  It  was  found  that  tltf 
temperature  of  the  ore  was  often  considerably  above  212°  F.  (100°  C.) 
so  that  when  cold  ironstone  was  being  used  the  gases  escape  22(f  F. 
(122°  C.)  cooler  than  when  hot  ore  was  being  charged. 

Previous  to  commencing  an  examination  of  the  action  going  on  is 
the  ftunace  itself,  much  care  was  bestowed  on  observing,  in  the  labon- 
tory,  the  behaviour  of  the  materials  when  exposed  to  the  influence  rf 
the  oxides  of  carbon  alone;  those  gases  being  employed  in  differeD^ 
proportions,  and  at  different  temperatures.  In  one  or  two  cases  the* 
results  have  been  anticipated  in  page  65  and  following  pages ;  but  fi^ 
the  sake  of  rendering  this  Section  more  complete  in  itself,  some  ^ 
them  will  be  repeated  upon  the  present  occasion,  accompanied  W 
certain  details  as  to  the  experiments  themselves. 
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Fftitit  lu'.tion  commenced  at 
Marked  action  nt  .,. 


[  Thu  first  trials  were  made  to  aseertain  the  tcmperatm*e  at  which  an 
I  of  iron  commences  to  lose  its  oxygvu*     In  the  case  of  Cleveland 
Btone  it  was  found  that : — 

392^  F.  (200^  C.) 

[With  pure  precipitated  oxide  of  iron,  faint  action  manifested  itself 
i'  F.  (141^  C.)  and  marked  action  at  300*^  F,  (149^  C.) 
[its  nejtt  observations  were  directed  to  learn  the  rate  at  which  ores 
iciiis  kinds  parted  with  their  oxygen,  at  different  tenai>orat«re8, 

&ti  euhjected  tu  the  action  of  earbunic  oxide.  The  folltiwing  nuiiibers 
the  percentage  of  the  oxygen  originally  existing  in  the  oxide  of 
which  was  removed  daring  Reven  hunrs  exposure  i— 


UltTiid 

I  Slid  , 

The  diflTerences  perceived  in  these  two  experiments  wei-e  snspected 
epend  on  the  rapidity  with  which  the  current  of  reducing  gas  was 
-4*3  pasfi  over  the  oxide  of  iron.  Two  other  trials  were  made, 
the  tempemtnre  at  the  same  point  in  each,  viz.  410^  C. 
ft^  P,),  and  both  were  ci;»n tinned  daring  fi  hours.  In  the  first 
iment  10'5  litres  per  hour  and  in  the  second  40"8  litres  were 
»I(i3n!d,  With  the  smaller  quantity  it  will  he  fntind  that,  for  every 
t  of  oxygen  removed  from  the  ore,  the  proptjrtitJii  of  carbonic  acid 
•  iftxir  the  dnty  is  performed,  must  l>e  more  than  six  times 
xists  wlien  the  larger  volume  is  employed.  In  other  words» 
s  redncing  gas  being  less  saturated  with  oxygen  in  the  latter  than  in 
t  former  case,  the  rapidity  with  whicli  it  withdraws  this  gas  from  the 
is  proportionately  greater.  The  following  figures  give  the  rates 
Itliich  reduction  proceeded,  during  an  exposure  of  six  hours,  in  the 
JCtperiraenta  in  question : — 


of  Expimitif. 

Uoun. 

ClfiraUntt 

LttiicjuiJiire 
R«dO» 
Per  Com 

782^  F.  (4ir  CO 

...        7 

91 

— 

770^  F.  (410^  C.) 

...       74 

— 

37-1 

770"  F.  (410-  C.) 

...       7J 

...      207         . 

57*4 

T«mp6nture. 


Oalclned  Glereliuid 
Ironatoae, 

Per  (lent. 


iSkwf  carmot  of  onrboiiic  oiide 


770^  F.  (il(f  CO 
770^^  F.  (410^  CO 


373 
50*6 


LAncBAhire 

Ore. 

Ourveti  Ttjmotcd. 

PorCeut 

35-9' 

70^9 


In  thU  instance  the  specimen  of  Ijatu-ajsUirc  ore  from  some  causg  lo«t  loss  ojcygoa 
**  tih«  Cleveland  Ironstone,  but  a«  a  rule  the  reverse  wii«  tlie  ciksc. 
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When  the  temperature  at  which  the  ore  is  subjected  to  the 
of  carbonic  oxide  is  low,  the  action  is  very  languid ;  and  it  may 
doubted  whether  any  approach  to  complete  reduction  under 
circumstances  would  ever  ensue.  Thus  an  exposure  of  calcined  CSe' 
land  stone  to  a  current  of  this  gas  for  20j^  hours*  at  a  temperature 
420^  F.  (216*^  C),  failed  to  withdraw  more  than  13-66  percent,  of 
original  oxygen  which  the  mineral  contained  in  combination  with  i 
On  the  other  hand,  as  the  temperature  is  raised  above  that  wl 
obtained  in  the  first  experiments  (770^  F.  or  410^  C),  reductki^ 
proceeds  at  a  vastly  accelerated  speed.  Oxide  of  iron  in  Cleveluii: 
calcined  stone  lost  oxygen  as  under : — 

At  a  heat  visibly  red  in  dayUght        ...         63  per  cent,  in  8  hourt. 
At  a  bright  red  heat     90      „  3f    „ 

The  change  experienced  by  carbonic  oxide  (CO)  when  passed  owr 
oxide  of  iron,  is  its  conversion  into  carbonic  acid  (CO,).  When  tiu 
latter  however,  at  certain  temperatures,  is  passed  over  metallic  iron- 
particularly  iron  in  a  fine  state  of  division,  such  as  what  is  known  m 
iron  sponge — it  rapidly  loses  the  equivalent  of  oxygen  it  has  previourif 
absorbed  from  the  oxide  of  iron,  and  is  again  reduced  to  the  oonditioo 
of  carbonic  oxide. 

The  temperature  required  for  this  reoxidation  of  metallic  iron  bf 
carbonic  acid  is  notably  higher  than  that  necessary  for  the  redoctioa 
of  the  original  oxide.  At  572^  F.  (300°  C.)  there  was  no  acdoi 
whatever;  but  at  782°  F.  (417°  C.)  a  slow  current  of  this  gas  ((XW 
was  almost  entirely  resolved  into  carbonic  oxide. 

We  have  thus  to  consider  two  antagonistic  forces,  due  to  tl» 
behaviour  of  the  two  oxides  of  carbon  (CO  and  CO,)*  in  the  presence  of 
oxide  of  iron  and  of  metallic  iron :  for  when  oxide  of  iron  is  beinj 
reduced  by  carbonic  oxide,  the  presence  of  carbonic  acid  retaiA 
reduction,  and  when  it  is  attempted  to  oxidize  metallic  iron  by  carbomo 
acid,  the  presence  of  carbonic  oxide  in  like  manner  impedes  the  adioD. 

Under  those  circumstances  it  is  easy  to  comprehend  that  there  mnit 
be  a  position  of  equilibrium,  in  which  the  two  gases  acting  in  reverts 
directions,  one  will  neutralize  the  other.    Hence  there  are  certail* 

'  To  Rave  space  the  chemical  symbols  of  the  substances  under  consideration  witf 
f rc(iuently  be  made  use  of.  Even  to  those  who  are  not  familiar  with  this  mode  a» 
expression,  its  nse,  from  the  context,  will  present  no  difficulty. 
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iutm  of  CO  and  COj  which  at  certain  temperatures  are  without  any 
ring  action  on  oxide  of  iron ;  and  others  where  oxidizing  action  on 
r  iron  ig  suspended, 

ise  two  forces  in  question  are  not  called  int-o  existeucx?  by 

iitures  of  the  same  Intensity,  nor  ai't?  influenced  in  the  same 

by  each  increment  of  temperature,  it  follows  as  a  matter  of 

at  the  position  of  equilibrium  referred  to  is  altered,  as  the  heat 

or  diminished.    The  position  of  equilibrium  ia  further 

lally  affected  by  the  relative  quantity  of  oxide  which  is  exposed 

I  influence  of  the  mixed  gases. 

an  illastration  of  what  has  just  been  said,  carbonic  oxide  may 

over  an  ore,  and  be  almost,  if  not  entirely,  converted  into 

aie  acid;  but  then  it  is  only  the  first  and  apparently  the  most 

riy  held  portions  of  the  oxygen  which  are  torn  away  from  the  iron. 

happened  when  Cleveland  calcined  stone  in  large  excess  was 

aitt^d  to  a  cun*ent  of  carbonic  oxide  at  a  terapemture  of  about 

'  F.  (427°  C);  but  in  1|  hours  only  5*25  per  cent,  of  the  oxygen 

jkbined  with  the  iron  was  removed,  although  the  gas  on  leaving  the 

tus  was  almost  wholly  composed  of  carbonic  acid. 
[When  the  two  gases,  in  the  proportion  of  2  volumes  of  carkmic 
lie  to  1  of  carbctnic  acid,  were  pjvssed  over  calcined  Cleveland  ore,  at 
;  the  same  temperature  as  in  the  preceding  cafie,  in  one  exx)eriment 
*1>  per  cent,  of  oxygen  was  lost  by  the  iron  oxide  in  5  J  horn's, 
in  another  trial  extending  over  11|  houi^s  the  loss  of  original 
Igen  was  4*3  per  cent,  Here  again  it  was  only  the  first  |xirtions  of 
f^n  which  were  withdrawn*  No  trace  of  metallic  iron  appeai-ed  in 
i  on  under  treatment.  These  facts  have  an  important  bearing  on  the 
ital  work  of  the  blast  furnace;  because  the  ratio  giveu  contains  above 
J  majimum  avt^rage  proportion  of  carbonic  acid,  as  found  in  the  gases 
Dg  from  a  modern  Cleveland  furnace,  however  large  its  dimension^ 
||ijbe. 

I  We  have  already  seen  that  at  782°  F.  (417'^  C)  spongy  iron  was 
pidly  oxidijsed  by  carbonic  acid.     The  presence  of  an  equal  volume 
I  «f  carbonic  oxide  however  completely  stops  this  action, 

iTpuTH  carbonic  acid  (COa)  be  passed  over  the  8i>onge  at  a  low  red 
hent,  it  is  reduced  to  the  condition  of  carbonic  oxide;  but  as  soon  as  the 
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two  gases  arrive  at  the  proportion  of  100  CO  to  150  COg,  further  chao 
of  composition  is  suspended. 

Perfectly  reduced  ore  was  exposed  to  a  mixture  consisting  of  abo 
100  volumes  of  carbonic  oxide  to  60  of  carbonic  acid,  at  a  bright 
heat.  As  soon  as  the  metallic  iron  had  absorbed  S'2  per  cent,  of 
oxygen  required  to  convert  it  into  peroxide  of  iron,  and  when 
carbonic  oxide  and  carbonic  acid  were  as  100  to  47,  all  further  actio 
ceased;  although  the  experiment  was  continued  for  9^  hours  afler  til 
position  of  equilibrium  had  been  reached. 

The  same  experiment  was  repeated,  but  with  the  reduced  iron  raiie 
to  a  temperature  approaching  whiteness.  A  point  of  equilibrium  wq 
attained,  when  100  volumes  of  carbonic  oxide  were  accompanied  b 
only  11  of  carbonic  acid,  and  when  the  iron  had  absorbed  11*9  pa 
cent,  of  the  oxygen  required  to  constitute  peroxide  of  iron. 

A  mixture  of  equal  volumes  of  the  two  gases  was  passed  ov«| 
different  specimens  of  ores,  and  over  artificially  prepared  peroxide  oC 
ii'on,  at  a  bright  red  heat,  until  they  ceased  respectively  to  be  furthei 
affected.  This  happened  when  about  one-third  of  the  oxygen  of  tha 
latter  was  removed,  leaving  two-thirds  still  combined  with  the  iron. 

A  precisely  similar  trial  was  made  with  reduced  iron;  in  this  instance, 
oxidation  began  at  once  and  ceased  as  soon  as  the  metal  had  absorbedj 
two-thirds  of  the  oxygen  needful  for  constituting  peroxide  of  iron  > 
(FcaOs).     In  both  cases  the  product  was  protoxide  of  iron  (FeO). 

.  It  would  appear  then  that  a  considerable  excess  of  carbonic  oxide  i 
is  indispensable  for  the  reduction  of  the  oxides  of  iron,  so  that  the 
formula  representing   tlie   change  on   the  peroxide   may    be    thua 
expressed : — 

Fe^O,  +  9C0  =  2Fe  +  SCO,  +  SCO. 

I 

in  which  it  will  be  seen,  that  there  is  exactly  as  much  oxygen  in  the  j 
resulting  carbonic  acid,  as  there  is  in  the  carbonic  oxide  which  escapes' 
unchanged. 

The  reduction  of  oxide  of  iron  by  carbonic  oxide  is,  however,  not  I 
quite  so  simple  an  action  as  might  be  infeiTed  from  what  has  {U'eceded: 
I.e.  something  more  takes  place  than  mere  loss  of  oxygen  by  the  orer 
and  conversion   of  a  portion  of  the  gas  effecting  this  change  into 
carbonic  acid. 
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ill©  one  portion  of  the  carl)oiiic  oxide  undoubtedly  performs  its 
88  described,  another  acts  ia  a  totally  different  manner;  for  it 
appear  that  a  portion  of  this  pas  is  always  8[)lit  up  into  carbonic 
and  carbon.  We  must  s«pp<jse  that  two  equivalents  of  the  oxitlc 
>)  containing  20  and  20  are  required  for  the  change,  which  is 
ented  by  the  equation 

2C0  -  CO^  -K  C 

tn  the  dc^ription  given  of  this  curious  rearrangement  of  the 

ats^  I  suppose  that  the  reducing  agent  must  be  a  lower  oxide  of 

mtxd  that  the  action  was  probably  of  the  natni'e  expr^sed  in  the 

llfda 

^hich  it  is  considered  that  x  is  greater  than  y,  in  other  words  that 
X  is  a  suboxide  of  iron,  containing  therefore  less  oxygen  than  the 
oidde  FeO. 
"It  has  been  since  urged  by  other  ivriters  that  the  preseuce  of  iron 
tn  the  metallic  state  is  essential  for  the  reaction  in  question;  but  my 
kiwn  experiments  did  not  lead  me  to  this  conelusion,  at  the  same  time 
il  Is  clear  that  when  the  action  of  carbonic  oxide  on  the  oxide  of  iron 

I  gone  on  for  some  time,  metallic  iron  will  make  its  ap^iearance. 
Bhall  then  have  a  mixture  of  the  three  substances,  %'iz:— 
MtTtAUic  iron.        Unknown  oxide  of  iron  Fe^tOy*        Curk>ii. 
There  will  thus  be  set  op  among  these,  together  with  the  carbonic 
le  in  the  furnace,  a  tendency  towards  each  of  the  Hve  following 
iiions:^ — 

A-— Action  of  CO  on  FcxO,,  producing  CO^  and  some  lower  oxidi!, 
pB. — Hmction  of  this  lower  oxide  on  CO*  roprodQciug-  FexOy  and  S€tt!ng  frc(* 

cwbon, 
IC. — ^Action  of  carbon  on  Fe,Oy,  forming  metal  und  lower  oxide*  together 

withCOiuidCO,. 
11). — Aetiou  of  metAUic  iron  on  CO,  reproducing  Foj^Oy  or  lower  oxid^,  atid 
mjtUng  free  airboii, 
L — ^Ac^ion  of  CO^,  net  free  in  above  reactiousi  oti  carbon,  metalLio  iron,  and 
lover  oxide  of  iroiu 

|tt  has  to  be  observed  that  in  none  of  the  nmncrows  experiments 
brmed   with   great   care   ten  years  ago,   by   my   then  assistant 
»C,  A,  Wright,  waa  a  product  obtained  in  which  oxygen  was 
'  Vid^  Transactions  Iron  and  Steel  Insititute. 
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entirely  absent.    At  a  temperatnre  of  about  800®  P.  (899®  C.)  carl 
is  largely  deposited,  indicating  that  under  these  circumstanoes 
tendency  towards  carbon  deposition  is  much  in  excess  of  that  towi 
gasification. 

At  a  bright  red  heat  a  different  state  of  things  prevails.  1 
known  tendency  of  carbonic  acid  to  react  on  carbon  and  prod 
carbonic  oxide  prevents  any  large  deposit  of  carbon ;  but  even  hei 
position  of  equilibrium  among  the  five  tendencies  referred  to  is  attaii 
and  both  carbon  and  oxygen  are  present  in  the  compound,  which  i 
such  a  nature  that  carbonic  oxide  has  no  action  on  it. 

Peroxide  of  iron  (FegOg),  exposed  to  carbonic  oxide  at  the  t 
perature  just  mentioned,  gave  a  substance  which  contained: — 
Fe  99-33  +  O  0*43  +  C  024  -  100 

Similar  treatment  applied  to  iron  perfectly  reduced  by  hydro 
from  peroxide  of  iron  gave: — 

After  one  hour's  exposure    ...     Fe  99*20  +  0  0*48  +  C  0*32  —  100 
After  four  „  ...     Fe  99*34  +  O  030  +  C  036  =  100 

It  appeal's  then,  that  by  the  action  of  pure  CO  on  metallic  i 
some  oxide  of  iron  is  formed  and  free  carbon  is  set  free,  thus: — 
(A.)    aFe  +  b  CO  -  Fea  Ob  +  b  C 

On  the  other  hand,  a  mixture  of  oxide  of  iron  lower  than  Fe^ 
and  carbon  ftirnishes  by  heat  alone  metallic  iron,  CO  and  CO,. 

(B.)     Fejn  Oto  +  2n  C  -  m  Fe  +  2n  CO 
(C.)     Fem  0,n  +  n  C  -  m  Fe  +  n  COa 

Again  it  was  ascei*tained  that  Fe,  0,  exposed  to  the  action  of  * 
gave  COa,  and  a  lower  oxide,  thus: — 

(D.)     p  Fei  Oa  +  q  CO  =  Fejp  0,p_q  +  q  CO, 

in  which  it  was  imagined  that  3p — q  was  always  a  positive  quant 
(i.e,  is  always  less  than  3  p);  or,  in  other  words,  that  carbonic  ox 
alone  is  not  able  to  produce  metallic  iron,  that  office,  if  completely  { 
formed,  is  accomplished  by  deposited  carbon  in  accordance  with  eq 
tious  B  and  C,  probably  the  lowest  point  to  which  CO  alone  can  red 
Fcj  Og  is  expressed  by  the  composition  Fe,  0.    . 

Experiments  showed  that,  up  to  a  bright  red  heat,  the  tendeiM 
expressed  by  equation  A  predominate  over  the  others,  metallic 
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the  inflaenoe  of  CO,  at  all  temperatures  up  to,  and  including  a 
I  red  heat,  becoming  more  or  less  oxidized  and  impregnaUKl  witli 

the  other  hand  it  seems  pretty  sure  that  conBiderable  quantities 
on  may  he  deposited  without  the  formation  of  any  metallic  iron 
rcT- 

batever  nncertainty  may  attach  to  the  pi^ecide  mode  of  action  l)y 

cjirb(>n   is  thus  recovered  from  carbonic  oxide,  there  is   no 

Bculty  in  ascertain bg  the  conditions  favourable  for  its  de|>osition. 

L  Carou  apparently  imagijitd  that  Bomethinr^  approaching  a  red 

was  UK»ht  favourable  for  the  reaction,  and  M.  H^jhinz  sets  it  down  as 

pairing  800^  to  900^  C.  (1,472*^  to  1,652°  F.)  My  own  observations 

l)eyond  any  doubt  that  it  commences  with  the  commencement  of 

iion,  i>.  at  or  a  little  above  400^  F.  (204^  C)    At  this  tempera- 

however  the  deposition  of  carbon  is  very  slow;  but  at  469**  F. 

18**  C.)  it  is  very  marked,  pure  peroxide  of  iron  throwing  down 

riy  1  per  cent  per  hour,  of  the  weight  of  iron  present  in  the  oxide. 

at  about  788^  F,  (420°  C.J  each  100  parts  of  iron  present  were 

I  to  be  associated  on  one  occasion  with  144  of  carbon,  after  an 

of  7  hours;  being  a  deposition  equal  to  20  parts  per  hour. 

[pifierent  oxides  however  vary  conaiderahly   in  their  power  to 

\  carbonic  oxide;  thus  after  G  hours  exposure  at  a  temperature 

f^^F,  (410^'CO:— 

tJlow  OtiiTBJit.       Rftpid  Cmroiit 
M  UU^  145  Litrt» 

^00  mtits  of  iron  present  in  ClcveUnd  calcinotl  aton*? 

pr«ct|»ibiti>d  of  carbon       . . .,.      12*6  22  3 

ItW  tiniis  *if  iron  present   in    Lancanldre  ore   pr^* 

i^ptivted  of  ciirbou ...       f^Ol  270*8 

lOOtitiiU  of  iron  present  in  pure  precipitated  peroxide 

of  Iron  78*7  335'4 


rature  is  raised,  the  extent  to  which  carbon  deposition 

V   I  i  ,     iy  diminishes,     Atler  4^  hours  exposure  of  Cleveland 

^m^^d  Btone,  at  a  temperature  below  redness,  to  a  current  of  this  gas 

he  carbitn  thrown  down  amounted  to  04  percent,  of  the  iron 

Ailer  21  hours  exposure,  at  a  heat  beginning  at  red  and 

[  at  bright  red,  the  carbon  found  in  a  speeimen  of  the  same  ore 


CO 
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Percentage  of 
Oremored. 

^ft 

100 

100 

6 

8-8 

NH 

100 

100 

3 

28-7 

yiL 

100 

100 

H 

33-3 

Nil 

100 
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100 
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only  amounted  to  2*8  of  the  metal  present  in  the  oxide  of  iron.  a4 
in  another  trial,  when  the  temperature  was  increased  to  very  hriffi 
redness,  the  carbon  only  amounted  to  *3  per  cent,  of  the  iron  presol 
after  4^  hours  exposure. 

The  general  result  of  many  experiments  pointed  to  752**  to  SiS^t 
(400^  to  450^  C.)  as  being  the  most  favourable  range  of  tempentnn 
for  this  phenomenon  of  carbon  deposition, 

The  presence  of  carbonic  acid  in  the  gas  passed  over  the  specimen 
as  might  be  supposed,  interferes  greatly  with  the  dissociation 
carbonic  oxide,  although  reduction  may  proceed  pretty  rapidly.  Tta 
following  experiments  were  performed  on  calcined  Cleveland  stone:—, 

Tempenlure. 
525°  F.  (274°  C.) 
832°  F.  (444°  C.) 
Bright  red 
770°  F.  (410°  C.) 
DuUred 

770°  F.  (410°  C.) 
Dull  red 

It  may  be  well  to  state  that  the  trials  about  to  be  referred  to  wcie, 
undertaken  in  consequence  of  the  discovery,  that  not  only  did  differaift, 
samples  of  peroxide  of  iron,  according  to  origin,  vary  greatly  in  thek. 
power  to  dissociate  carbonic  oxide,  but  that  the  same  variety  of  ore 
possessed  this  property  in  very  different  degrees.    This,  it  was  con- 
ceived, was  due  to  some  physical  differences  among  the  specimens; 
because  in  each  the  metal  was  in  the  state  of  peroxide.    The  saniples 
(Cleveland  ironstone),  submitted  to  the  action  of  pure  carbonic  oxide, 
had  been  calcined  to  different  degrees  of  hardness,  as  a  ready  means  of 
obtaining  variations  in  their  physical  structure.    The  same  quantities 
(2  grammes  of  each  specimen)  were  placed  simultaneously  in  an  iron 
vessel  immersed  in  melted  lead,  and  a  pretty  uniform  temperatnie^ 
viz.  770**  F.  (410®  C),  was  maintained  for  6  hours.    During  this  time 
65  litres  of  the  gas  were  passed  through  the  apparatus  in  the  M 
experiment,  and  218  litres  in  the  second. 

The  specimens  are  distinguished  by  the  letters  of  the  alphabet* 
ji  being  the  least  calcined  and /the  most  calcined. 
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6*33 
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•865 
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not  of  conree  to  be  wondered  at,  that  the  amount  of  rGduction 
eight  of  carbon  deposited  ehould  be  more  marked  in  the  raj^id 

the  slower  cament  of  the  carbonic  oxide;  but  it  hap{K'Us  that 
J  J  do  the  SIS  b'tres  of  resnlting  gaa  contain  mora  COa  than 
litres,  but  the  former  was  found  to  contain  more  CO^  than  the 
per  unit  of  volume.    The  c^jm position  of  resulting  gases  by 

was  as  follows; — 

i  Itliw  were  jmasiidaver laniplcs  in  6  hours  4'29CO,  +  05'71CO  =^  100  vuls, 
13  ,,  ,.  822CO,-hyi'78CO  =  100     ,. 

ler  trials  afforded  Bimilar  reBuIt«  as  regards  the  much  hu*gcr 
» of  oxygen  removed  and  carbon  deposited  in  the  way  described; 

h  it  did  not  always  happen  that  the  carbonic  acid  (COj)  in  the 
Jnnrent  was  so  much  in  excess  of  that  in  the  slow  cun-ent. 
ere  is  no  doubt  that  a  very  moderate  elevation  of  temperature 

to  eipexiite  the  action  of  carbonic  oxide  on  oxide  of  iron:  thus 
fe  the  Cleveland  calcined  stcme  losing  its  oxygen  at  the  following 


LoHof  OxTfea. 

First  indication. 

Marked  action. 

Lo**    "28  per  cent,  per  hour  of  original  O  combined  with  Fe. 
«    1*31      f^  jf  „ 

.,    5 '80      *,  ,1  ^ 

the  whole  I  am  inclined  to  the  belief  that  some  slight  elevation 
re  accompanies  the  rapid  p.issage  of  the  gas,  owing  to  a 
itic  action  than  takes  place  wifcli  the  sIowpt  current,  and  that 
of  UiRiperatore  in  its  torn  has  promoted  chemical  action.     In 


c 
(aoo) 

C«io) 
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the  above  figures  it  will  be  noticed,  in  the  third  and  fonrth  examj 
that  a  rise  of  75^  F.  (42<>  0.)  or  from  440^  F.  to  516^  F.,  has 
creased  the  reduction  above  four-fold. 

There  is  no  regular  correspondence  of  the  amount  of  cad 
deposited  with  the  quantity  of  oxygen  removed,  as  will  be  perod' 
on  reference  to  the  table  already  given.  In  it  the  carbon  deposited 
the  slow  current  varies  from  '13  (/)  to  8*46  (d)  per  unit  of  oxygi 
in  the  rapid  current  the  fluctuation  is  from  5*62  (e)  to  14*24  (< 
This  is  probably  determined  by  some  minute  differences  in  * 
physical  condition  of  the  oxide  under  treatment;  for  it  was  distand 
ascertained  that  such  differences  greatly  affected  the  results  manifiefit 
by  the  simultaneous  exposure  of  different  specimens  to  a  current 
carbonic  oxide,  in  the  same  vessel,  and  all  heated  alike.  The  rew. 
were: — 

0«rtx)n  per  100      ^^''^^^^ 

Peroxide  of  iron  obtained  from  calcining 

sulphate  of  iron          476*5  ...  72*6 

Precipitated  peroxide  of  iron       335*4  ...  80*6 

Lancashire  hematite          270*8  ...  71*0 

Calcined  Cleveland  stone 22*3  ...  50*7 

So  far  then  as  my  own  examination  goes,  1  see  no  reason  to  ini 
that  there  is  necessarily  any  connection  between  the  rate  of  reductt 
and  that  of  carbon  deposition.  The  two  actions  are  probably  qui 
distinct  in  their  operation;  and  reduction,  at  least  when  the  mixta 
of  the  two  gases  contains  one  of  carbonic  acid  to  two  parts  in  volni 
of  carbonic  oxide,  can  be  effected  without  any  carbon  deposition  beii 
manifested. 

In  the  experiment  performed  to  prove  this,  the  temperature  i 
410^  C.  (770^  F.)  and  the  exposure  lasted  for  5^  hours.  A  specin 
of  Cleveland  stone  lost  2"2  per  cent,  and  one  of  artificially  prepai 
peroxide  of  iron  lost  7*9  per  cent,  of  their  original  oxygen,  with 
there  being  any  appearance  of  deposited  carbon. 

As  already  mentioned  a  question  has  been  raised  respecting 
conditions  needed  for  this  dissociation  of  carbonic  oxide,  some  mi 
taiuing  that  the  presence  of  metallic  ii'on  is  indispensable.  There  ii 
doubt  that  reduced  iron,  when  exposed  to  a  current  of  carbonic  ox 
rapidly  decomposes  the  gas  in  the  manner  described. 
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At  a  tempemtnre  of  770**  F.  (410^  C*)  perfectly  red aoed  iron  threw 
rn  m  4^  hoore,  20*3  per  cent,  of  ite  weight  of  carbon. 
At  a  dull  red  heat,  23-8  per  cent,  of  carbon  was  found  in  ii"ou 
onge,  alYer  being  exposed  for  one  hour  to  carbonic  oxide. 

It  bas  been  demonstrated  that,  whenever  this  gag  (CO)  is  pnased 
ft  metallic  iron,  a  certain  amount  of  the  metal  is  reoxidized.  On 
H  other  hand  I  am  not  disposed  to  admit  that  metallic  iron  is 
■tjiensable  for  setting  up  the  action  under  consideration,  viz,  the 
liposition  of  carbon.  Of  course,  when  a  given  quantity  of  oxide  of 
hen  bas  lost*  even  the  first  portions  of  iU  03cygen,  one  of  two  things 
have  taken  place — either  there  may  be  some  metallic  iron  present, 
has  lost  the  whole  of  its  oxygen  or,  as  is  more  likely,  there  has 
ial  reduction  of  a  large  quantity  of  oxide  of  iron,  without 
ig  reduced  to  the  state  of  metal. 
I  am  led  to  the  belief  that  metallic  iron  is  not  indispensable  for 
rniining  the  dissociation  of  carbonic  oxide,  from  having  obeei'ved 
carbon  in  oxide  when  only  7"4  j^qt  cent,  of  the  oxygen  originally 
i  was  femoved.  It  had  fiuther  been  ascertained  by  Dr.  Wright 
an  aqneons  solution  of  iodine  was  capable  of  dissolving  metallic 
1,  leaving  the  oxides  nn touched,  Tliis  treatmnnt  enabled  us  to 
in,  that  in  many  cases  of  carbon  deposition  no  iron  in  the 
lie  form  was  present.  Again,  if  iron  in  its  perfectly  reduced 
were  needed,  it  might  be  expected  that  spongy  iron  would  split 
'  oxide  more  readily  than  the  oxide.  The  following  ex]>eri- 
<  the  contrary,  although  it  was  jjerfurmed  simultaneoosly 
specimena  in  the  same  vessel,  which  were  exposed  during  a  period 
hours  to  a  temperature  of  800^  F.  (427^  C.):— 


Pamiee  stone  sattirAleil  with  peroxide  of  iron 
Aubjdraa»  pTfcipitnU^  peroxide  of  iron 
P<?rciiide  of  iron  from  calcined  sttlphato 
Spongy  iron  from  peroiide  n?diietHl  hy  Lydr«i|^'it 


Carbon  depcmlted 
pet  100  of  Ifou  (iroMtiiL 

808 

207 

206 
158 


[Reform  leaving  the  subject  of  dissociation  of  carbonic  oxide,  it  may 
Krmarked  that  the  power  of  certain  other  subetances  to  split  up  the 
IwiB  also  made  the  subject  of  experiment.    The  resulta  are  claaaified 
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flVbrtaaccB  empabb  of  _ 

CwtKMi  from  Ctrbcmic  Oxtd*. 

Oiide  of  nlckd  (NiO). 

MctAllic  nickel. 
Oxide  of  C4>biilt  (CojO.). 
Metallic  cobalt. 
TiUtiic  cicicl. 


•  devoid  of  ihU  povfl 
Dioxide  of  mazigAneie  (MiiO,).  ' 
Mang&noBo-m&ngATiic  oxide  (Mm 
OxMe  of  copper  (CtiO). 
Metallic  copper. 
Oxide  of  zinc  (ZuO). 
Oxide  of  tin  (SnO). 
Oxide  of  cbroniium  (CrO)* 
Oxide  of  lead  (FbO). 
Platinura, 
Silicon  doubtful. 

The  experimenti  flettiiig  forth  the  results  jtist  given  were  cfli 
at  vftriooB  tomperatores,  from  that  of  melting  zinc  to  a  red  Ijl 
fliirin',''  different  periods  of  time,  often  for  Bix  honra  and  more, 
bo  remarked  that  nickel  and  cobalt  pt)sse68  this  jx)wer  of  splil 
carlxmic  oxide  in  a  remarkable  degree,  and  it  was  proved 
mixture,  containing  carbonic  oxide  and  carbonic  acid  in  equal  1 
pofiftcBsed  the  property  of  completely  reducing  both  these  mett 
their  oxides  at  a  low  red  heat. 

The  next  item  which  demands  attention  is  the  power  whi<j 
essos  at  elevated  temperatures  of  splitting  up  carbonic  aci^ 
by  110  me-ans  an  unimportant  one  in  the  economy  of  tl 
Ainiioe.  As  already  stated^  one  unit  of  carbon  burnt  to  carbcj 
aflbrdl  §,000  calories;  instead  of  which  in  the  action  in  i 
(tIi.  00|  +  0  ^  2C0)  the  two  units  of  carbon  involved' 
deoomposition  give  only  2  x  *2»400  or  4,800  units,  being  a  dil 

of  (»M««pij»?)  6.600  heat  unite. 

Thi  extent  to  which  so  great  a  lorn  as  that  just  indicated  { 

tflbct  i«  limited  of  course  by  the  quantity  of  carbonic  acid  inf 

M  auoh  or  which  aa\  Ik^  gcttcrati?d  in  the  furnace.    This  on  I 

of  Oo?ikiid  pig  iron  may  be  taken  to  be  as  follows:^ 

iVtiMA  imlaid  to  oottditton  of  OKrtnntc  acid  br  deoiid^tioa  of 
f«nnMi  ^  tiofti  n^p»rdiii|r  SO  umtM  of  pig  u  oaauiniag 
lMi«llt^aitoilii\^i 


i\LrK>«  itttnid  to  eondHtion  «ff  eutaik  wM  bj  ^«todfttion  of 
««rb«mlf  oaM^  a  limSkKf  wi%te  Wi^4i«Qlvfd  la  jiig  iron  ... 

«\ib(vn  Ml  c^ibflttlQ  9M  \m  Um  mal  fwatltT  of  limMtoiie,  mf 
U^  ^kw^fmmwil^U  ai  I  iliil  1%  iroa 
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Sow  the  largest  average  quantity  of  carbon  as  cjirboiiic  acid  I  caa 

■lEcoIlfct  meeting  with  in  the  gases  from  the  Clarence  furnaces  was 

f52  nnite  per  20  units  of  pig  iron,*    Ther«  was  thus  a  diminution  in 

fcarbc»mc  acid  of  rSl  carbon  unite,  caused  no  doubt  by  the  solvent 

iDwer  of  carbonic  add  on  carbon  in  the  fuel 

It  is  very  easy  fipom  what  has  preceded,  to  estimate  the  loss,  in  a 
donfic  point  of  view,  which  is  entailed  by  the  disappearance  of 
[arbonic  acid  as  represented  by  the  I  "SI  units  of  carbon. 

Let  OS  assume  that  the  coke  consumed  per  20  units  of  iron  in  the 
eiK  referred  to,  was  21^,  which  may  be  regarded  as  equivalent  to  20 
nits  of  pure  carbon.  It  will  hereafter  be  shown  that  the  carbonic  acid 
OMitiuned  in  the  limestone  is  given  off  under  conditions  which  render  it 
kpoesible  that  it  can  escape  decomposition.  The  theoretical  evolution 
<if  keat  by  the  20  units  of  carbon  is  as  follows: — 

Wi  imiU  of  carboti  ocmtiliUKi  to  the  coke. 
lifi  „   d^uctod  lu  dittolved  by  carbtmic  acid  of  liwesUme, 


W!i  „   burnt  in  hearth  to  fftate  of  carbonic  oxide  x  2,400  •- 

i^&7  »    of  the  187'^«  the  limit  to  wMcb  it  iactjusiduiwl  as  possible 

for    carbon    t'O    escape   as   carbonic    acid  x  5,600  — 

Tolal  erolutiou  by  the  extent  to  which  oxidation  of  carhon 
can  be  csartied 


CAlories. 
UJ97e 

81.768 


For  ttie  oxidation  as  it  was  in  reality  effected  we  have  the  following 


Wo  uMtt  of  carbon. 

V3l  „  a&  carbonic  acid  which  have  disappeared  from  the  ga«e8  carrying  witb 
it  the  same  weight  of  carbon, 

Galodea, 
burnt  to  state  of  carlwnic  oxide  in  hearth  x  2,400  -  4*1356 
•"^2  „  cif  the  18'69  burnt  to  carbonic  acid  x  5,600  *  .„  36,612 
0^  H  birnit  in  reducing  zone  to  state  of  carbonic  oxide  bj 

action  of  carboaic  acid  x  3,400  -     ... 120 


81,488 


th*i>^'^"?*l*^  ^''*'"  ^  diacriminate  between  the  oeecuiom!  ttmonnt  of  CO,  in 
vC?  ***^  /  fttr«^e  quantity.  This  suhject  haf  been  already  referred  to  at 
>eb«giimi«^  of  the  pre«nt  Section.  j  w »» 
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Showing  a  loss  of  under  one-half  per  cent,  as  compared  with  the 
full  theoretical  quantity  of  heat  considered  capable  of  being  evolved. 

Soft  coke  has  been  already  mentioned  in  Section  YII.  as  an 
unpopular  form  of  fuel  with  furnace  managers.  Certain  experiments 
proving  this  were  set  out  in  detail  and  need  not  be  repeated  in  the 
present  place. 

This  is  probably  to  some  considerable  extent  due  to  its  tendency  to 
be  crushed,  which  by  directing  the  reducing  gases  into  channels 
prevents  their  becoming  as  completely  saturated  with  oxygen  as  other- 
wise would  happen.  There  is  at  the  same  time  no  doubt  that  the 
power  of  coke  of  this  description  to  split  up  carbonic  acid  into  carbonic 
oxide  exceeds  that  of  the  hard  silvery  description,  which  is  in  such 
favour  at  our  iron  works.  In  addition  to  the  experiments  already 
given  specimens  of  each  of  the  above-named  varieties  of  coke  were 
exposed  at  a  bright  red  heat  (1,560°  to  1,580^  F.),  for  the  same  time, 
to  the  action  of  a  current  of  carbonic  acid-  In  the  case  of  the  soft 
coke  J  8*7  per  cent,  of  the  carbon  in  the  carbonic  acid  was  reduced  to 
the  state  of  carbonic  oxide,  while  in  that  of  the  hard  coke  the  propor- 
tion of  carbon  so  altered  was  only  7'3  per  cent,  of  the  total  quantity. 

In  addition  to  the  example  given  in  Section  VII.  upon  another 
occasion,  after  h'ghting  a  large  number  of  new  ovens^  a  considerable 
quantity  of  soft  coke  was  delivered  to  the  Clarence  works.  The 
quantity  of  carbonic  acid  found  in  the  gases,  per  ton  of  iron  made,  fell 
considerably,  and  the  consumption  of  coke  rose  in  proportion.  Ten 
analyses  of  the  escaping  gases  gave  the  following  results  by  volume: — 


Oftrbonio  Acid. 

Carbonic  Oxide. 

Hydroffen. 

Nitrogen. 

9-6 

30-6 

1-5 

68-3 

95 

30-5 

1-5 

68-5 

10-5 

27-6 

1-5 

60-4 

10-6 

28-4 

•9 

601 

110 

30-8 

•8 

57-4 

11-2 

30-6 

1-0 

57-2 

100 

29-3 

1-5 

59-2 

100 

31-3 

1-4 

57-3 

10-8 

270 

1-4 

60-8 

108 

27-4 

l-fi 

60-2 

Average...  104 

29-35 

1-31 

58-94  -  100  vol*. 
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Tljese  figures  indicate  that  the  volume  of  carbonic  acid  to  that  of 
arboQic  oxide,  insteiid  of  being  40  or  45  to  100,  as  it  might  easily  be, 
'ixists  only  in  the  proportion  of  35*4  to  100,  and  that  the  weight  of 
carbon  ftiUy  oxidized  bears  a  ratio  to  the  lower  oxide  of  1  to  2*81, 
;tead  of  a  little  below  1  to  2  or  1  to  2-2,    This  difference  in  the 
itportions  is  of  course  not  wliolly  due  to  the  reduction  of  carbonic  acid 
the  state  of  carbonic  oxide,  but  in  considerable  jmrt  Uy  the  mere 
Jdition  of  cai-bun  in  the  extra  quantity  of  coke  consumed. 

This  Bame  loss  of  heat,  consequent  upon  carbon  splitting  up 
rbonic  acid  into  carbonic  oxide,  also  ensues  whenever  carbon  is  the 
iucing  agent ;  because,  as  in  the  former  case,  the  heat  units  CTolved 
those  resulting  from  the  burning  of  carbon  to  c*irbonic  oxide. 
DTtunately  the  temperature  at  wiiich  this  reaction  (FeO  +  C  = 
fe-eCO)  takes  place,  as  we  have  alreatly  seen  in  a  previous  Section, 
i  considerably  higher  than  that  at  which  reduction  of  oxide  of  iron  is 
JVcted  by  carlx^nic  oxide,  w  ith  generation  of  carbonic  acid.  In  the 
&e  therefore  of  a  furnace  of  sufficient  dimensions,  working  properly 
rith  suitable  materials,  deoxidation  of  the  ore  by  this  gas  is  almost 
itirely  completed,  before  its  arrival  at  that  region  where  the  tempera- 
lire  is  sufficiently  intense  to  enable  carbon  to  reduce  oxide  of  iron. 
The  power  of  carbon  to  act  on  oxide  of  iron  appears,  like  that  of 
rbon  on  carbonic  acid,  to  be  greatly  modified  by  the  physical  condition 
'  the  coke  containing  it. 
Specimens  of  calcined  Cleveland  ironstone  were  mixed  with  carbon 
the  fonn  of  coke,  graphite,  deposited  cai'bon  and  charcoal;  and 
)ac*ed,  enclosed  in  tubes  with  a  capillary  opening,  in  the  hot  blast  pipe 
'  une  of  the  Garenoe  furnaces,  the  temperature  of  which  varied  li-om 
1,000^  to  1,080°  F.  (5:5^;°  to  682«  C.)  After  48  hours  of  such  exposure, 
be  following  were  the  results : — 


Coke  Including    hard  and  soft,  six 
ffpcclmi!ni»  gave   , , . 

Grmpyte         

C^bon  deposited  from  carbonic  oxide 

ilried        

^t4xl  csrbou,  prcviouidy  igtdtcd 

Idrftti 

previoasly  ignited  strongly 


MetoJUc 
Irun. 


Nil. 

mi 

Nil. 

mi. 
an. 


Peroxide 
reduced  to 
ProUixlde. 


Nil. 

Nil. 

2*3 

600 
1'60 


Percent  of 

orijfijial  OitvtfeD 

removed. 


Nn. 

NiL 


2-40 
•32 

172 
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In  an  earlier  page  of  the  present  Section  it  was  explained  that  a 
current  of  carbonic  oxide  at  a  temperature  of  770^  F.  (410^  C.) 
removed  37*8  per  cent,  of  the  oxygen  contained  in  Cleveland  calcined 
stone  in  6  hours;  and  that  a  more  rapid  current  of  the  gas  separated 
as  much  as  50*6  per  cent,  in  the  same  period  of  time.  On  the  other 
hand  we  have  just  seen  that  coke,  when  exposed  in  contact  with  the 
same  ore  for  48  hours  at  a  temperature  of  above  1,000*^  F.  (b^S^  C), 
is  not  affected.  This  difference  of  results  is  probably  due  to  the  easy 
penetration  by  the  gas  into  the  interstitial  spaces  of  the  ore,  which 
does  not  happen  when  solid  carbon  is  the  reducing  agent.  Otherwise 
it  is  only  reasonable  to  suppose  that  carbon,  having  its  power  to 
combine  with  oxygen  in  no  way  blunted  by  any  previous  saturation 
with  this  element,  as  is  the  case  with  carbonic  oxide,  must  be  the  more 
ready  of  the  two  to  tear  it  from  the  oxide  of  iron.  These  differences 
of  temperature,  at  which  the  two  series  of  actions  are  set  up,  explain 
how  a  closer  approximation  to  complete  reduction  may  be  obtained  by 
carbonic  oxide,  in  a  properly  constructed  furnace,  before  the  materials 
reach  that  zone  where  the  heat  is  intense  enough  to  enable  carbon  to 
act  on  oxide  of  iron  or  on  carbonic  acid.  Why  one  or  both  the  last- 
mentioned  changes  may  take  place  in  a  less  perfect  form  of  furnace  will 
be  presently  explained. 

It  is  however  a  much  more  difficult  matter  to  avoid  the  loss  which 
ensues  from  the  presence  of  the  carbonic  acid  set  free  from  the  flux 
employed;  because,  although  the  generation  of  the  carbonic  acid  by 
reduction  of  the  ore  is  effected  at  a  comparatively  low  temperattire,  it 
is  otherwise  with  the  expulsion  of  the  carbonic  acid  from  the  limestone. 
It  had  been  ascertained  that  caustic  lime,  when  exposed  to  a  red  heat 
in  an  atmosphere  of  carbonic  acid,  became  speedily  converted  into 
carbonate;  it  is  highly  improbable  therefore  that  the  limestone,  until  it 
reaches  a  depth  in  the  blast  furnace  where  there  is  little  or  no  carbonic 
acid  generated,  or  where  the  temperature  is  considerably  above  a  red 
heat,  will  part  with  any  notable  quantity  of  the  carbonic  acid  it 
contains. 

It  was  proved  experimentally  that,  when  this  acid  f  CO,)  was  passed 
over  a  mixture  of  hard  coke,  from  which  all  volatile  matter  had  been 
expelled,  with  limestone,  then  the  carbonic  acid  employed  suffered  partial 
decomposition  before  the  lime  parted  with  any  of  its  carbonic  add* 
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The  facte,  as  thus  stated,  point  to  the  possibility  of  the  carbonic  acid 

of  the  flux  being  retained  bj  the  lime,  until  it  reaches  a  point  where 

,  teni[)emture  and  the  presence  of  carbon  render  it  impofisible  for  this 

I  higlrer  oxide  of  carbon  to  exist.     If  this  be  so,  we  must  regai*d  tlie  loss 

[uf  hcac  accompanjing  the  reduction  of  the  carbonic  acid  of  the  liine- 

f«U"roe  t<)  carbonic  oxide,  to  be  in  a  great  measure,  if  not  entirely, 

unavoidable.      Expenence  indeed  has  not  demonstrated  that  any 

Ipepoeptible  economy  results  from  the  use  of  quick  lime  in  a  CleTeland 

[fiimace  uf  modem  coustniction.    This  is  probably  due  to  the  readiness 

ith  which  quick  lime  absorbs  carbonic  acid,  of  itself  no  doubt  a  source 

bf  heat  eTolution,    The  resulting  elevation  of  temperature  however 

will  take  place  so  neai*  the  tc^p  of  the  furnace  that  its  beneficial  effect 

heating  the  materials  is  lost,  thus  leaving  the  absorption  of  heat, 

ine  to  the  decomposition  of  the  carbonic  acid,  absorbed  by  the  caustic 

e,  to  cool  the  contenta  of  the  furnace  at  a  point  where  such  cooling 

prejudicial. 

Haring  thus  considered  the  circumstances  which  attend  the  action 

carbon  and  that  of  the  two  carbon  gases  on  the  ore  and  on  the 

cd  iron,  as  well  m  on  the  fuel  and  flux,  we  may  now  proceed  to 

the  information  thus  acquired  to  the  blast  furnace  itself;  aud  to 

compare  the  experimental  results  with  those  furnished  by  the  actual 

smelting  process* 

There  does  not  appear  any  reason  for  thinking  that,  if  highly 

heated  carbon  meets  its  equivalent  of  oxygen,  in  the  proportion  to 

form  carbonic  oxidej  this  gas  may  not  be  the  sole  product  of  combustion. 

the  hearth  of  a  blast  furnace,  receiving  something  like  100  cubic 

of  air  iHtT  secund,  an   instantaneously  complete  adnikture  of 

ael  and  oxygen  is  of  course  impossible;  and  accordingly  a  certain 

ity  of  carbonic  acid  may  be,  and  is  generally,  found  at  or  about  the 

t where  the  blast  enters.    Indeed  at  certain  points  free  oxygen  may 

I  occasionally  detected. 

Samples  of  the  gas  were  taken  on  five  occasions,  at  a  tuyere  from 

rhich  the  blast  was  shut  ofl*  m  that  roughly  the  specimens  were 

oUected  at  a  distance  of  4^  feet  in  a  horizontal  line  from  the  tuyeres 

which  the  air  continued  to  be  admitted. 
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These  samples  exhibited  the  following  composition  by  volume: — 


No.l. 

No.  2. 

No.  3. 

No.  4. 

NcSl 

Carbonic  acid     ... 

•76 

11 

0-8 

1-8 

17 

Carbonic  oxide  ... 

37-60 

31-7 

33-3 

85-2 

35-0 

Hydrogen           .* 

— 

•4 

1-0 

— 

-3 

Nitrogen 

61-64 

66-8 

64-9 

63-0 
100 

63-0 

Volumes     ... 

100 

100 

100 

100 

On  recently  repeating  the  analyses  of  gases  collected  near  the  entry 
of  the  blast,  a  higher  percentage  of  carbonic  acid  than  the  above  was 
occasionally  obtained. 

The  following  statement  contains  the  results  from  a  fiimaoe  of 
25,500  cubic  feet,  producing  grey  iron: — 


A. 

At  one  Tuyere,  at  whlct 
the  Blast  was  shut  off. 

B. 

^    S  feet  higher  up. 

C. 

Same  as 

Carbonic  acid 

6-98 

6-30 

— 

Oxygen     ... 

•85 

— 

— 

Carbonic  oxide 

33-33 

35-60 

42-33 

Hydrogen... 

•85 

-76 

•20 

Nitrogen  ... 

68-99 

58-34 

6747 

Volumes 

...       100 

100 

100 

Six  feet  above  the  tuyeres  all  trace  of  carbonic  acid,  generally 
speaking,  disappears;  as  may  be  seen  from  analyses  made  at  the  same 
time  as  the  above: — 


No.l. 

No.  2. 

No.  3. 

Nci. 

Carbonic  acid 

00 

0-0 

1-5 

0-0 

Carbonic  oxide    .. 

35-4 

34-4 

365 

84-8 

Hydrogen 

•2 

1-3 

1-3 

•7 

Nitrogen 

64-4 

64-3 

60-7 

64-5 

Volumes 

.      100 

100 

100 

100 

These  observations,  respecting  the  speedy  disappearance  of  car- 
bonic acid  from  the  gases  in  the  vicinity  of  the  tuyeres,  have  especial 
reference  to  a  furnace  making  grey  iron.  In  such  cases  it  seems 
essential  that  the  reducing  energy,  as  the  hearth  is  approached,  should 
be  impaired  as  little  as  possible  by  the  presence  of  an  oxidizing  sub- 
stance like  carbonic  acid.  Imperfect  reduction,  as  is  well  known, 
gives  a  black  slag  which  is  incompatible  with  the  production  of  the 
above-named  quality  of  metal. 
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In  the  cbarcoal-gmelLiug  works  of  Styria  and  Carinthia,  engaged 
maDofacture  of  white  tran,  carbonic  acid  appears  to  oociar,  in 
or  less  qaantity,  in  every  aione  of  the  furnace.    In  these,  how- 
the  slag  is  always  very  much  richer  in  nnrcduccd  metal  than  that 
panying  the  smelting  of  grey  iron,    Yxom  this  it  may  be  in- 
that  the  deoxidizing  action  is  less  powurful  in  the  hearth  of 
charccral  furnaces,  when  making  white   iron,  than  it  is  in  a 
CleTeland  furnace,  producing  grey  metal 

In  all  cases  whei'e  hjdi\»gen  is  detected  at  the  depths  just  given,  it 

may  W  assumed  that  it  is  the  iiesalt  of  a  decompuaitioo  of  hygrometric 

moisture  in  the  atmospheric  ah:  entering  the  furuacx;  or  of  water 

incidentally  admitted  by  leakage  from  damaged  tuyeres.     For  our 

present  purpose  however  we  will  consider  the  intensely  heated  gas 

jieending  through  tlit  turuace,  to  cunsist  of  cai^bonic  oxide  mixed  with 

mtrogeu,  and  to  communicate,  during  its  passage  upwards,  by  far  the 

greater  quantity  of  its  heat  to  the  descending  train  of  solids.     Soon 

of  course,  thi!  ascending  gas  has  its  composition  materially  altered  by 

its  chemical  action  on  the  materials  it  encounters  on  its  way  to  the 

t  of  exit.     Although  there  are  considerable  fluctuations  both  in 

[position  and  in  temperature,  we  will  a^isume  that  from  a  furnace 

tJO  feet  in  height  the  gases  leave  at  an  average  mean  temperature  not 

u^ediug  326**  C.  (620^  F.),  with  carbonic  acid  and  carbonic  oxide  in 

nitio  of  42  volumes  to  100.    The  experiments  already  »;juoted  would 

fvepore  us  for  expecting  that  the  reduction  of  the  ore  under  such 

drcmnstances  would,  at  the  point  of  exit,  be  very  slow  and  very 

imjterfcct,  and  that  carbon  deposition  would  barely  manitest  itself. 

The  following  oV^sen^ations  to  detennine  this  were  made  on  a  furnace 

having  a  capacity  of  25,500  cubic  feet,  by  exposing  calcined  Cleveland 

4tone  to  the  action  of  the  escaping  gases,  under  the  above-named 

4)unditions  aa  to  temperature  and  composition; — 


of  expoBiire. 

Percent. 

Deposited  Carboo. 

U 

2*0 

Tnu:c. 

48 

2-9 

»* 

n 

130 

„ 

$6 

130 

« 

Ab  might  be  looked  for,  reduction  is  accelerated  as  the  temperature 
mcrenaes  and  the  volume  of  carbonic  acid  diminishes — two  conditions 


Hours  of 
exposure. 

Distance 
from  top. 

Approxunaie 
Temperatore. 
«  F.           «  C. 

Vols.  GO,  Der 
100  Vols.  do. 

2       .. 

4-3  feet     . 

800  ...  426 

23 

2       .. 

9-9    „       . 

..      1,260  ...  676 

7 

2       ... 

.      157    „       . 

..     1,600  ...  865 

2 

2       .. 

.      21-6    „       . 

..      1,800  ...  982 

3 
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which  are  secured  by  exposing  the  ore  to  the  action  of  the  gases  lowef 
down  in  the  famace,  which  in  this  case  was  one  of  48  feet  in  height:— 

Lomof 
orlgiiisl  Oxjfa 
Percent 

11-8 

76-2 
76-3 
81-7 

Carbon  depositton  took  place  upon  two  different  occasions,  undei 
the  circumstances  given  below,  on  exposing  calcined  Cleveland  etone  U 
the  action  of  the  escaping  gases: — 

Hours  of  Approzimate  Vols.  00«  per  Carbon  per  100  of 

ezpoeure.  Temperature.  100  Vols.  CO.  Fe  present. 

'F.  *0. 

24        ...      700  371        ...        19  ...  1-96 

24        ...      800  426        ...        19  ...  2*40 

The  intensely  heated  gases,  which  ascend  from  the  hearth,  hayini 
to  perform  the  duty  of  reducing  the  ore  as  well  as  to  heat  th( 
materials,  the  point  which  has  to  be  kept  in  view  in  the  constrno 
tion  of  the  blast  furnace  is,  that  its  capacity  should  suflSce  for  tb( 
heated  gases  to  be  retained  among  the  solids  long  enough  tx 
communicate  to  the  latter  as  much  of  their  sensible  heat  as  is  possible 
and  to  become  as  completely  saturated  with  oxygen,  as  the  nature  o! 
the  chemical  action  will  permit.  These  two  objects  seem  to  be  attainec 
in  the  Cleveland  district,  when  the  furnace  has  a  height  of  80  feet 
with  an  interior  capacity  of  about  1 2,000  cubic  feet.  These  dimension! 
enable  the  gases  to  be  cooled  down  to  such  a  point,  and  to  be  s( 
saturated  with  carbonic  acid,  as  to  retain  little  or  no  further  power  o 
reducing  the  ironstone  of  the  country.  The  correctness  of  these  viewi 
has  been  made  apparent  by  the  fact  that  furnaces,  mentioned  at 
having  been  constructed  upwards  of  108  feet  high,  and  others  nearlj 
as  lofty,  with  a  capacity  of  40,000  cubic  feet,  have  failed  to  show  an] 
marked  advantage,  so  far  as  economy  of  fuel  is  concerned,  over  tha* 
which  has  been  frequently  obtained  in  those  of  more  moderaU 
dimensions. 

Let  us  now  consider  the  structural  error  in  a  furnace  to  be  in  tiK 
opposite  direction;  i.e.,  that  instead  of  being  unnecessarily  high  anci 
capacious,  it  is  insufficient  in  both  respects. 
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The  accompanyiDg  sketches  are  intended  to  afford  a  general  idea 
temperatures  of  the  materialfi  filling  two  famaoes— one  80  feet 
I  with  boshes  of  20  feet,  and  the  other  47  feet  in  height  with  boshes 
feet-    The  capacities  ai*e  15,400  and  6,000  cubic  feet  respectively. 
By  drilling  holes  in  the  eidea  of  the  two  structures  the  temperature 
was  roughly  tvscertained,  and  the  figures  denoting  these  are 
^bed  along-side  of  each  of  the  drawings.     The  indications  of 
eratnre  given  in  the  sketches  must  only  be  considered  as  corn- 
ire ;  for  it  is  very  possible  that  the  contents  of  the  furnaces  at  a 
from  the  walls  may  be  hotter  than  is  indicated  by  the  figures* 
,  looking  at  the  rate  at  which  reduction  is  carried  on  in  the 
i  16^  feet  of  the  height  of  the  larger  furnace,  of  which  space  not 
one-half  on  an  average  is  actually  occupied  by  the  materials,  it 
very  probable  that  the  interior  of  the  mass  is  somowhut  more 
iy  heated  than  I  have  supposed. 
'  The  advantages  possessed  by  the  larger  furnace  are  firstly,  that  the 
i  p&Bs  away  cooled,  as  far  as  it  is  practicable  to  effect  this;  and 
adly  that  the  deondation  of  the  oxide  of  iron  is  peribrmed  in  a 
ion  of  the  Itaiace  where  the  temperature  is  m  low,  as  to  avoid 
anch  as  possible  the  carbon  acting  on  the  carbonic  acid  gene- 
l>y  the  act  of  reduction.     The  comparative  magnitude  of  this 
Sane  of  moderate  temperature  in  each  furaace  can  easily  be  appreciated 
don  of  the  two  sketches.     In  the  larger  one  the  contents 
It  a  duD  red  heat  until  a  depth  of  16  or  17  feet  is  reached, 
in  the  other  this  temperature  manifests  itself  at  a  depth  of 
tit  9  or  10  feet*     In  each  case  the  distance  is  reckoned  from  the 

Qg  plates. 
It  might  be  supposed  at  first  sight  that  the  conditions  of  the  two 
conld  be  brought  into  harmony  by  diminishing  the  rate  of 
ag  in  the  lesser.    The  increased  period  of  time  however,  during 
ch  the  ore  would  then  be  exposed  to  the  action  of  the  heated  gases, 
r  brings  the  hotter  s&one  nearer  the  top  of  the  fbmace,  and  an  actual 
1  of  slower  di'iving,  extended  over  some  time,  induced  me  to  think 
;  there  was  no  gain  to  be  expected  from  a  change  of  that  kind, 
[A  comparison  between  two  ftimaces,  of  11,500  and  C,000  feet  re- 
iively,  taken  from  actual  experience,  is  perhaps  the  eimplest  mode 
ointing  out  the  points  of  dissimilarity. 
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Ifeigbt  of  furnace,  feet 

m 

48 

Diikuicter  of  boAbet,  do. 

17i 

IB 

Ckjhu-'U^,  cubic  feet 

11.500 

ejooa 

(*nk<'  per  20  iiuite  of  iron 

imiU  22-32 

2S*d2 

Iroiintfmf           do. 

„      48*80 

46*80 

Limes  to  lie        tlo. 

„      13*66 

le-oa 

Weight  «f  bbwt 

„    108-74 

128*12 

Do.        I'seaiiiiig  giuwfl 

„    188r66 

170a9 

IViiilH^nilure  uf  Llast... 

486''  C. 

485"' C. 

l)ot           eumpiug  gnsei 

332*  C 

4src. 

I*Vom  this  sUitement  it  will  be  perceived  that  in  the  smaller  fa| 
there  is  a  greater  weiji^^ht  of  blast  consumed  for  a  given  qi 
of  metal,  and  a  larger  volume  of  gases  emitted,  owing  to  the  1< 
weight  of  coke  burnt  as  compared  with  the  larger  fiimace-  Th 
of  more  coke  demands  more  limestone,  to  flux  the  ash  it  conl 
w  hich  nect^ssitates  further  incr^ise  of  coke,  from  the  heat  requin 
deeompiiee  the  carbonate  of  lime,  aa  well  as  to  provide  carbon  to 
up  the  fturther  quantity  of  carbonic  acid  liberated.  Besides 
additiaual  fuel  ia  rendered  neoefisary,  in  order  to  melt  the  I 
4]Uttititj  of  slag  thus  formed* 

^The  ^Uowtog  fltatoment  exhibits  the  mode  by  which  the  perli' 
ance  uf  lh«  larger  blast  ftimaoe  waa  aaoertained: — 
S^veii  Wfmmesm  of  gasea  ««ra  collected  during  3  hours 
miuutoft,  00  as  to  avoid  the  tiuctnatioiis  in  compoddon  already 
of;  aikd  thi»  iiu4|8ea»  to  enanre  aocoiacy,  wcfe  all  made  in  dapb'i 


U7 


m-i 


M««aaw«^«f1iaf 


imi 


•7 
7 


by  TOigfci 


CO, 

n 


9n 


um 


FTIOX  IX, — CHEMICAL  CHANG  KS  LST  THE  BLAST  FURNACE.        I^Uj 

i '  brdrogen,  being  insigiiificatit  in  weight,  is  neglected  in  the 
I  «iUxjii<rnt  calcTilationfi  hearing  on  tlie  subject.  The  heat  developed 
Iky  the;  oxidatiLm  of  the  carbon  is  found  as  follows i^ — 

C<ike  Twd  per  20  unttg  of  iron        ...  22*32 

ifs uh, etc..  l-92» gives  ftctoid  ciirbon  SO" 40  ] 

Ctrttriu  in  Ihnefitoiie,  carrjmg  off  an  > 

t*|U»l  trcigiit  of  C  from  coke'        .  I'GI-  5 

18-76 

ICiring  from  carl*on  Imrnt  to  CO 

I Cirfifin  of  this  CO  l«)mt  to  CO^  


Car1>oii   ill  coke  aud 

limestone 22*04 


Kent  Unit* 
18*7fi  X  2,400  -  4O.024 
6-52  K  5,600  =  3r>,512 


Toti]  development  b^  combustion  of  carbon 


81^36 


I  viight  of  ci3itbon  contained  In  the  gOACs  per  20  nnitfl  of  iron  h  e<|imt  to  the 
1  tArlion  made  Qse  of  22'04,  Icftg  *60  disiiolved  in  iron*  —  21 '44  units  in  gase^. 

I  fieferring  this  weight  (2r44)  to  the  above  analysis,  we  obtain: — 


»1  nitnig^n  per  20  units  of  iron 

(15  52  C  :  67  40  N      : :  21*44  C)  79*30 

Jf),(87  40  s :  17*30  CO, ; :  79-30  n)  23-89 

H)  f&7*4o  X :  25-20  CO  : :  79  so  n)  31*81 

W«t«rifiooke '58 

H  ia  niou»ture  of  blast            , , .         . , .  *08 


-  (5-52 

-  14-92 


Total  wci(fbt  of  gases  . . 


138*66  containing  21-4'1. 


Ojnrgea 

17-37 
19*89 

37-26 


'  weight  of  bla»t  19  ;  79*30  N  -»-  ossociftted  atmofiphBrie  oxygen  23-70  + 
rooifture  '74  ^  103*74. 

CAloriet  or 
HiAt  Unite, 
Tlw  hoot  units  in  the  heated  blast  are: — 

J08'74«weifht  of  air  x  temperature  48&^  C.  x  specific  be*t  of  air  *237  -  11,919 
Tlie  beat  in  the  escaping'  gases  is : — 
p^U— weight  of  gases  k  t^mperattiro  332^  C.  x  average  specific  heat '2-4  =  11,043 

om  this  an  allowance  was  made  for  heat  of  ironstone  fresh  from 
kibs,  and  latent  heat  of  sieam^  reducing  the  figure  to  8,860 
\  in  the  escaping  gfises. 


I  Thi»  irW's.  as  forTaeriy  explained,  by  i^w  carlinnnic  acid  of  the  limestone,  not 
I^Hbcrrmt«d  until  it  r«vchcf  a  zone  of  the  fnniucc%  where  it  dissolving  mid  carries 
^^\tfm  Sii  carbomic  oiudc,  C0«  -l-  C  —  2CU* 
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The  factors  of  the  work  obtained  at  the  lesser  ftimaoe  were  calculated 
in  the  same  way;  it  will  therefore  be  sufficient  to  call  attention  to  Hi 
higher  temperature  of  the  escaping  gases — 452°  C.  against  832°  C— ( 
and  to  the  fact  that  they  contained  much  less  carbonic  acid  than  thM 
of  the  larger  flimace.    Their  composition  was,  by  weight, 

CO..  CO.  H.  N. 

11-8  30-5  1  67-6  -  100 

The  heat  developed  by  the  combustion  of  carbon  was  calculated  al 
89,288  calories  on  20  units  of  iron.  The  heat  contained  in  the  gaaei 
was  16,409  calories.  From  these  figures  it  will  be  at  once  appareni 
how  much  less  perfectly  the  heating  power  of  the  fuel  is  utilised  ifl 
the  smaller  furnace. 


SOFt.  48Fi. 

Furnace.    Oaloriet.    Fomaoe.    Oalorlet. 


Coke  nsed  per  20  units  of  iron 


One  unit  of  coke  develops 


22-32 

81,536 

22-32 


28-92 


-  3,653 


28-92 


-3,087 


Sensible  heat  of  escaping  gases  per 
unit  of  coke 8,860 


22-32 


16,409 

397 «     667 

28-92 


Leaving  calories  utilized  in  the  furnace 
per  unit  of  coke  consumed 


3^256 


2,520 


When  proper  allowance  is  made  for  the  different  conditions  alluded 
to,  as  obtaining  in  the  two  furnaces,  the  ultimate  figures  will  be  found 
to  correspond  very  fairly.    Per  ton  of  pig  iron  we  have  : — 


Heat  evolved  by  oxidation  of  carbon 

Do.    contributed  by  heat  in  blast 

Less  carried  off  in  the  gases 

Net  heat  units  left  for  furnace  requirements 

Extra  heat  required  in  lesser  furnace  for  fusion  of  slag, 

decomposition  of  limestone,  etc,  the  subtraction  of 

which  brings  both  sets  of  figures  as  nearly  to  the 

same  value  as  can  be  expected  in  such  a  calculation 


Furnace  of 
80  feet. 
Calories. 

Ftonaoeof 
48  feet. 
OalorieL 

81,536 

89,288 

11.919 

14,724 

93,455 

104,012 

8,860 

16,409 

84,595 


87,603 


88,746 
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^o; 


Connected  with  all  the  changes  which  take  place  in  the  oompositioQ 
constituents  of  the  ore  which  are  f^,^und  in  the  pig  iron,  de- 
ion  may  be  regarded  in  the  light  of  a  prehniinaJ7  process;  and  by 
.ing  the  quantity  of  oxygen  beyond  that  brought  in  by  the 
herrc  air,  an  opinion  can  be  formed  of  the  extent  of  the  change 
at  any  particular  point  of  the  fiu-naee  from  which  the  specimen 
gsa  may  be  taken. 

Such  calculations  as  those  now  uniov  consideration  can  at  best  only 
•pproiiinate,  from  the  unavoidable  differences  arising  fi-om  time  to 
le  in  the  coroi)osition  of  the  materials  employed;  as  well  b&  from 
Tariationfl  in  the  constitution  of  the  products,  and  in  the 
liaraoter  of  the  chemical  action  in  operation,  at  any  particular  period 
compared  with  another. 

The  following  calculations  apply  to  a  furnace  80  feet  high  contain- 
5  17,5rK)  cubic  feet^  and  coneumingj  per  20  units  of  pig  iron,  12*8 
of  limestone  and  23'5  units  of  coke  containing  00  per  cent,  of 
irbon.  The  full  quantity  of  carbon  delivered  to  the  fiimaoe  may  be 
iwmed  to  have  been: — 


That  in  23*5  of  coke  less  ash.  ete„  2  35 
Do,     12  80  of  limestone 

Lett  diMolTed  in  the  inm 
Lcftting  in  the  gases 


90  tToJCA  of  Iron. 
-  2115 
1'63 


23-68 
■BO 

22-08 


[The  total  oxygen  leaving  the  throat  of  the  furnace  in  the  gaseous 
I  per  20  onita  of  Cleveland  iron  was  as  follows ; — 

^ygwn  btfTQght  in  by  thu  blast,  including  '66  in  the  atmos- 

pWic  moiitnre  

from  oxide  of  iron,  chiefly  at  moderate  tempera- 
^ifa^  7*971  less  '07  Ciiusidert^  as  indcpar&blo  and  passing 
^tothe  iliiir ... 

*****  '""n^  **•  "*  *•'  ""  *""  **•  *** 

L  fmm  tlie  limestone  in  combinatioTi  with  carbon... 

^Ud  fnmi  pUospboric^  BulpbnriCt  and  ailicle  acidsp  the 

*»t»c«»  of  the  P,S,  and  Si  found  in  tbe  \ng 

l^7g«ii  te|)aratod  froin  lime  to  form  snJpUido  of  calcium 

1^1^  in  tbe  sla^      .. 

Total  oxjrgen  in  escaping  gases  bj  ealcnlntion     ,,. 


tJlLitl. 

23&1 

4« 

75 

" 

38 

1-03 
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The  figures  which  follow,  exhibit  tbe  qiiaiitities  of  oxjg&t 
units  of  iron,  found  in  the  gases  at  different  levels  of  the  i 
They  were  obtained  by  ascertaining,  from  analysis  of  gas  wpe 
with  how  much  oxygen  the  same  quantity  of  nitrogen  was  ^ 
which  latter  was  estimated  as  being  present  in  the  escaping^ 
20  units  of  iron,  nnd  may  be  considered,  for  purposes  of  ca^ 
as  being  a  constant  quantity  throughout. 


Example  No.  I, 
A. — ^Tlie  actual  {jDaiitltj  of  oxygen  estimated  in  the  escftping  gatei 

b J  analysis  wiw  found  

Thus  showing  a  very  trifling  dilTerence  lietwceti  it  and  the 
previous  mimlper,  viz.  36*93. 
B. — At  a  depth  of  W\  feet  from  top,  the  quantity  of  oxygen 


I 


c— 

Do. 

26 

do. 

do. 

D,— 

Do. 

39 

do. 

do. 

E.— 

Do. 

62i 

do. 

do. 

F.— 

Do. 

65 

do. 

do. 

G.— 

Do, 

70J 

do. 

do. 

H.- 

Do. 

76J 

do. 

do. 

The  ascertainment  of  carbon  at  the  various  levels  in  the  f 
was  also  calculated  by  a  reference  to  the  nitrogen  pre^sea 
gases. 


A, — The  quantity  of  earboii  in  eRC8]>iiig  gmes  per  20  unit»  of  iron  ^ 


B.— 

Do. 

IfiJ  feet  from  top 

drt. 

C— 

Do. 

26 

do. 

do. 

D.— 

Do. 

89 

do. 

dn. 

E.— 

Do, 

52i 

do. 

do. 

F^ 

Bo. 

65 

do. 

do. 

G  — 

Do. 

70h 

do. 

do. 

H.— 

Do. 

m 

do. 

do. 

It  will  be  obser^'cd  that  in  both  sets  of  figures  just  ^^  ^ 
a  decrease  of  oxygen  and  carlxin,  below  the  original  ^^^*^^t\^^L 
as  present  in  the  escaping  gases,  down  to  a  c^ic\ftm  T>^\y^^ 
between  F  and  0.     After  this  point  both  oxy^^.tvQ^'^^  ^-^x  - 
to  increase,  and  they  rise  to  a  grcatet  nil.,^^'*'  ' 
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Qcr  ievelB  of  the  furnace  except  the  point  of  final  escape*  This  was 
,  nd  invariablj  to  be  the  case,  aa  may  b<i  seen  from  the  following 
liditional  examples  from  an  80  feet  furnace : — 


Herri*  wwou      Oitoes  PrnmiEirT  rmu  20  UKrr* 
Top,  or  Irojt, 


CA&jmii  MtK  30  VnttT*  or  tiioit. 


VtUiMed 


N.  a.  No.l  Il*.t  Hft.Jl  KiK4 

;:isi)  «^^»^>  Li.^«ea  i!a2si.»  t^^^^^-^^ 

20*96 


^  !  ^I^^i^'*"'  1  36*87  a3'40  33-40  22-08  20-96 

IJ        16i      Not  given.     2619  25*43      Not  given.     18*5S 


17*94 


c 

26 

28*21 

24-65 

24-43 

19-28 

18-15 

1796 

u 

90 

2965 

25-21 

2601 

20-92 

18-36 

18-35 

K 

52i 

2381 

26-24 

Not  grivetu 

17-88 

18-92 

Not  given. 

r 

65 

24-14 

2513 

25-23 

17-75 

18-62 

1862 

<i 

70* 

28-26 

2507 

2570 

20-43 

1879 

19-65 

H 

7fii 

27  33 

27'56 

27-74 

19-55 

20-27 

20-43 

Tlie  data  open  which   the   preceding  calcniations   were   based 
|w«K;  obtained  abont  ten  years  ago,  the  analysca  being  made  Ijy 
'^.  C.  A*  Wright  on  the  gaaes  in  a  furnace  containing  17,500  cubic 
feet. 

Further  experiment«  were  undertaken  l>y  Mr.  Roeholl,  the  present 
'•hemigt  at  the  Clarence  works,  in  January,  1880.  The  gases  were 
tlranii  ft-om  nine  levels  at  four  different  periods  during  one  and  the 
Nme  day,  and  the  averages  of  the  four  different  specimens  taken  at 
^of  tlie  nine  points  were  carefully  analysed  by  that  gentleman, 
ftirnace  from  which  these  last  named  samples  were  taken  is 
•  fet  high»  with  a  content  of  25,500  cubic  feet*  A  space  at  the  top 
'  {u»t  lesa  than  9  feet  2  inches  is  occupied  by  the  cup  and  cone,  and 
^»e  room  required  for  lowering  the  cone.  The  furnace  therefore,  when 
"Wl/'  uunt^ins  a  column  of  material,  including  the  pig  iron  and  slag, 
f^  re«t  10  inches  in  height. 

The  furnace  was  making  No.  3  iron.    The  consumption  per  20 
'»t«  of  iron  was  as  follows : — 


ITnits 


22  H 


17-45 


10-91 
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Example  5. 
ComponHon  hy  weight  of  gates: — 

TO^««*w» fw,».  T««    J  w-^rw,     11^-      17PL      24Ft.     aOFfc.      36Ft.      42Ft.      49  Pt       - . «. 
Dirtanoe£romTop..|  ^a^    ^j^^      ^j^      ^j^      ^j^^     81^     Uln^     91^       74Pi. 

Carbonic  acid    ...  1607  llTl  10-03  817  612  —  —  -72  3-01 

Carbonic  oxide...  27*34  2971  3139  31-40  3279  36-27  3600  36-02  39-47 

Hydrogen          ...  -11  '10  07  14  28  10  -11  -08  14 

Nitrogen           ...  56-48  58*48  58*51  60*29  60*81  64*63  63*89  6318  57*38 

100-      100-      100-      100-      100-      100*      100-      100-      100- 
Carbon 16*09    15*94    1618    15*69    15*72    15*12    16*43    15*44    17*72 

Units  per  20  of  iron: — 

Oxygen 3648   32*86    32-63    29*88    28*76    23-52    24*29    2520    32*55 

Carbon 21*49   20*56    20*86    19*62    19*60    17*64    1822    1843    23*29 

Nitrogen  ...    75*43    75*43    75*43    75*43    75*43    75*43    75*43    75-43    75*43 

The  factors  for  this  series  were  obtained  as  follows : — 

Carbon  per  20  units  of  iron,  coke  22*44  less  7  per  cent. 

ash,  etc 20*87 

Do.  do.  in  limestone  1*30 

22-17 

Less  dissolved  in  iron,  containing  3*4  per  cent '68 

Weight  of  carbon  in  gases         21*49 

Weight  of  carbonic  acid,  carbonic  oxide  and  nitrogen  per  20  units  of  iron:— 

Nitrogen  (16*09  ;  56*48::  21*49  :) 

Carbonic  acid    (5648  :  16*07::  75*43  :) 
Carbonic  oxide  (56*48  :  27*34  : :  75*43  :  ) 

Units  in  escaping  g^ases  per  20  units  of  iron,  in  CO, ... 
Do.  do.  do.  in  CO  ... 

21*49  36-48 

Oxygen  due  from  various  sources  as  follows: — 

Brought  in  with  75-43  of  atmospheric  nitrogen  ...        22*82 

From  moisture  in  blast *65 

From  oxide  of  iron,  phosphoric  acid,  silica,  etc.,  in  ore. . .  9*07 

In  carbonic  acid  of  limestone 3*49 

36*08 

Difference  for  experimental  error      •45 


75*43 

... 

21*46 

36-61 

OarboiL 

OzTSen. 

5*86 

15*61 

15-64 

20*87 
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The  oxygen  csontribnted  by  the  calcined  iroiiBtone,  9*07,  is  Lf>mput€d 
trctm  an  average  of  several  recent  analyses,  m  follows: — 
H       Comblued  with  18*64  uniU  of  iron  in  20  luili*  of  pi^ 


Do. 
Do, 
Do. 

Do. 


*S3  of  phoephomi  as  phosphoric  aeid    ... 
'54  of  fdlicon  aii  silica 
•008  of  «ulphiir  as  eulphimc  acid 
calcium  which  forms  siilplude  of  calciom  in  slag. 


798 
43 

■39 
•01 
•26 

t*07 


It  will  be  observed  that  in  thifl  instance  {EiampU  No,  5)  the 
increase  of  oxygen  and  carbon  at  the  tuyeres  exceeds  that  in  any  of 
^W  previous  e3q)eriment8.  The  fnnr  specimens  from  the  lowest  point 
'^hich  serred  for  the  analysis  were  taken  from  a  i)erforatioii  made 
^agh  the  iijmp,  and  reprefiented  therefore  the  composition  of  the 
|Me8  neat  to  the  wall  of  the  furnace.  In  order  to  ascertain  whether 
the  blast,  mailing  as  it  does  towards  the  centre  of  the  hearth,  generated 
more  carlxmic  acid  there  than  was  found  nearer  the  exterior  of  the 
ameralg,  a  tube  was  thrust  into  the  mass,  and  samples  rapidly  collected 
'before  tbti  Uil^e  was  melted  by  the  extreme  heat. 

The  Mowing  was  the  informatittn  obtained  in  this  way,  in  five 
«^parate  trials  j,  h,  c,  J,  and  e  ; — 

Example  6, — In  Hearth. 


f 

\ 


Unlt«  of  Oi^ffen  *na  Onrbou 
twr  30  Unit*  of  Iron. 

0. 

00, 

00. 

H. 

N. 

O. 

0. 

K. 

•95 

914 

3244 

■06 

57-41  = 

100    . 

.     3309 

2153 

76-43 

— 

16-68 

30-61 

1'25 

61*46  = 

lOO     . 

..     43-41 

26-88 

76"43 

— 

814 

34-79 

•05 

6702  - 

100     . 

..     3413 

22-66 

75-43 

— 

^ 

42-41 

01 

57-58  ^ 

100     . 

.     31-76 

23  80 

76-43 

' — 

S671 

■14 
Average 

63-16  - 

100     . 

.     2505 

lH-79 

7543 

.    33'4S 

2263 

^^  Pf^t^  wei^htm  of  oxyg^»n  and  carbon  in  the 
^^^^^   ^S*aea£rotn  the  fvirnaco  being  as  formerlj 


Oifgen.       Cu-boiL.      NltfOfttu 


36-48        2140        76-43 


|j^^     ^^^fuoticm  of  the  furnace  whose  f^ases  were  examined  in 

^^d  0   ^id  not  permit  the  samples  being  taken  off  precisely 

oitits  as  those  formerly  supplying  the  specimens.     Both 

O     feet   in  height,  but  of  different  diameters.     The 
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specimens  E  (v.  p.  209)  taken  at  a  place  about  52  feet  from  the  top 
in  the  first  four  examples,  Nos.  1  to  4,  and  in  the  fifth  (v,  p.  210) 
the  sample  obtained  from  an  aperture  49|  feet  below  the  same  point 
may  fairly  be  considered  as  representing  corresponding  zones  of  the 
two  furnaces.  The  lower  one,  from  which  the  gas  was  collected,  was 
22  to  24  feet  below  the  higher  one. 

The  comparison  of  the  quantities  of  oxygen  and  carbon  per  20 
units  of  metal  at  this  point,  with  those  present  22  to  24  feet  lower 
down,  in  the  neighbourhood  of  the  tuyeres,  is  as  under: — 

OXYOXK.  Carboh. 

Higher       Lower    Increftae       Higher       Lower    IncreMe 
Point.        Point,    at  Lower.      Point.        Point,    at  Lower. 

Examples  1  to  ^tivertLge        24-92      2740      248        18*29      19-95      1*66 
Example  No.  &  ...        2520      32-65      7-36        1843      23-29      486 

Example  No,  6  average  —        3348       —  —        22-68       — 

Any  one  who  gives  himself  the  trouble  to  examine  carefully  the 
analyses  of  the  gases  in  the  six  examples  selected  for  illustration,  will 
perceive  considerable  irregularities  in  the  results  they  disclose.  This 
is  no  more  than  might  be  expected,  looking  at  the  everchanging 
action  going  on  in  particular  localities  of  the  interior  of  a  blast  furnace. 
It  is  however  perfectly  clear,  looking  at  the  whole  of  these  experiments 
as  well  as  those  of  former  authorities,  that  oxygen  does  appear  at  the 
hearth  in  excess  of  that  computed  to  be  due  by  the  atmospheric  air; 
and  that  both  this  gas  and  carbon  are  at  a  minimum  at  a  point  about 
40  feet  below  the  top  of  the  furnace  experimented  on,  above  which 
they  gradually  increase. 

It  is  worthy  of  remark  that  Ebelmen  gives  three  analyses,  and 
Tunner  and  Richter  one,  which  confirm  the  observations  just  given. 
The  first  named  authority,  and  after  him  my  friend  Dr.  Percy,  made 
this  increase  in  the  oxygen  at  the  tuyeres  above  that  corresponding 
with  the  nitrogen  of  the  blast  the  object  of  close  investigation,  without 
however  arriving  at  any  definite  conclusion  in  reference  to  the  cause. 

Ebelmen  had  noticed  that  the  oxygen  at  the  tuyeres  was  in  excess 
of  that  coiTCsponding  with  the  nitrogen  of  the  blast.  To  some  extent 
this  is  accounted  for  by: — 

1st. — The  moisture  in  the  atmospheric  air. 

2nd. — The  decomposition  of  silica,  phosphate  of  lime,  etc.,  which 
probably  takes  place  in  the  hottest  part  of  the  furnace. 
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After  allowing  however  for  both  these  soiin*ea  of  oxygen,  I  have 
Ibond  a  further  exoesB,  which  cannot  be  accounted  far  by  any  of  the 
lAbove  mentioned  causeg.  ^ 

■  It  had  also  been  obser\^ed  by  Ebelmeujhatihjg  excesaive  amount 
Hf  oxygen  was  not  to  be  found  in  the  gases  taken  at  a  short  distance 
ftboTe  the  tuyei-es;  but  when  I  came  to  examine  the  general  composition 
Kf  the  gases  taken  from  an  80  feet  furnace  I  noticed  that  there  was, 
Kt  certain  points,  niso  a  very  material  difference  in  the  quantity  of 
fcarlx)n,  in  relation  to  the  nitrogen,  from  that  which  calculation  would 
Bead  tis  to  expect  should  be  present.  Of  this  circumstance  I  have  not 
Hkund  any  mention  in  the  writings  of  previous  observers* 

■  The  total  quantity  of  oxygen  wliidi  can  he  «icccmnted  for  as  an 
Hucrease  at  the  Lottest  part  of  the  furnace^  is  that  sepjirated  from  the 
Mulphur,  phosphorus,  silicon  and  calcium,  together  with  that  in  the 
Bttiinute  quantity  nf  oxide  or  iron  in  the  slag,  ascertained  to  arrive  very 
Bnear  the  tuyeres  in  an  unreduced  form, 

I  In  one  instance  the  oxygen  from  the  soui-cea  just  quoted  was 
■estimated  as  follows,  per  20  units  of  iron; — 

■  Krom  P,0^ '43.  SiO. -39.  SO. -01,  CaO -26  ,..         ...  .      -   IW 

H      If  thfT^  U  1*20  per  cent,  of  iron  in  the  »l&g  m  it  arrives  in  tbo 

■  hearth,  tills  liaa  to  be  rodoc^Hl,  and  will  supply  '94  cl  oxygen, 

■  giving  per  20  of  pig  wny '51 

H  Total  oxygen  leparated  at  or  iiear  tbe  hearth  1'60 

I  This  calculation  of  course  only  assigns  a  reason  why  the  oxygen  in 
Rhe  ga«es  should  show  an  increase  helom  the  yK>int  where  none  of  the 
Kauses  just  ennraerated  ai-e  siipposed  to  have  coiue  into  active  opei*a- 
Hiion;  and  does  not  in  any  way  account  for  any  appai'ent  excess*  which 
■tiniformly  seems  to  be  present  at  this  point  of  the  furnace,  and  which 
■can  scarcely  be  accounted  for  by  accidental  admissions  of  water, 
pfl^either  does  it  in  any  way  explain  the  excess  in  reference  to  the 
Lcarbou  w^hich  invariably  manifests  itself  in  the  gases  below  a  certain 
Bevel. 

■  A  reference  to  one  of  the  examples  formerly  quoted  will  show  the 
■unouiit  uf  carbon  and  oxygen  in  the  gases  taken  at  the  tuyeres,  for 
fcvery  20  units  of  iron  produced*  This,  it  will  be  observed,  is  consider- 
Bbly  larger  than  tliat  obtained  torn  the  gases,  produced  for  a  similar 
■quantity  of  metals  taken  at  a  point  G  feet  higher  in  the  furnace. 
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Example  No.  1  (formerly  given)  contained  of  carbon  and  oxygerr^ 
at  different  levels  of  an  80  feet  furnace  per  20  nnits  of  iron: — 

A.  at  Exit.  B.             C.  D.             E.             F.             G.     H.atTa7erat. 

Denih-Feet     .  16i             26              39              B2|             66              TOi             761 

Carbon      2208  17*29  16*33  17-42  18*09  17*98  17*80      19*85 

Oxygen     36*87  2509  24*71  24*69  24*72  2414  23*74      26*97 

Now  in  this  particular  case  the  carbonic  acid  which  onght  to  be 
found  in  the  gases  would  be  (exclusive  of  any  due  to  carbon  deposition) 
as  follows : — 

Unlta.         Units. 
Formed  by  deoxidation  of  the  peroxide  of  iron      ...        21*92 

Separated  from  the  limestone  5*62 

27*54 

Whereas  there  was  only         20*38 

Showing  that  there  was  of  carbonic  acid  decomposed  7*16 

This  quantity  (7-16)  of  carbonic  acid  contains  1'95  of  carbon, 
which  would,  by  its  reduction  to  carbonic  oxide,  carry  off  a  similar 
weight  of  carbon.  The  weight,  per  20  units  of  iron,  which  we  should 
expect  to  find  at  the  tuyeres,  would  be  therefore : — 

2208  -  (2  X  1-95)  3*90  ...       =  1818 

Whereas  there  was  in  reality    . . .  19*35 — Excess  1*17  nnits. 

The  oxygen  which  ought  to  be  at  the  tuyeres,  in  the  absence  of  any 
disturbing  cause,  is  that  supplied  by  the  blast  and  reduction  of  silica, 
etc.,  together  25*51  units;  but  there  were  really  26*97  or  an  excess  of 
1*46  units. 

Now,  without  pretending  to  describe  the  exact  manner  in  which 
the  subsequent  absorption  of  this  1*17  of  carbon  and  1*46  of  oxygen 
takes  place,  we  may  suppose  that  a  portion  of  the  former  is  due  to  a 
deoxidation  of  a  small  quantity  of  alkali;  the  following  equation 
would  then  account  for  the  disappearance  of  the  two  elements: — 

1*17C  +  1*460  +  xNaOKO  +  yNaK»  = 

55'C  +  1*460  +  xNaKO  (forming  carbonates  of  potash  and  soda). 
•62C  +    *72N  +  yNaK  (forming  cyanides  of  potassium  and  sodium). 

In  the  absence  of  anything  interfering  with  the  oxygen,  the  moment 
this  element  falls  in  quantity  to  that  represented  by  the  blast  and 
metalloids,  etc.,  viz.  24*81  units,  we  may  assume  that  the  oxygen 

^  The  weights  of  NaOKO  and  NaK,  are  not  given  because  they  vary  with  the- 
relative  quantities  of  potassium  and  sodium  and  their  oxides. 
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Hij!|ilicd  by  the  iroofitone  and  the  carbonic  acid  of  the  limestone  haa 
Um  all  expelled.  At  C,  20  feet  irom  the  t^p,  the  oxygen  is  24-71; 
fthytting  that  a  trifle  less  of  oxygen  (*10)  is  in  the  gases  here  than  tlie 
erjuivaleut  just  named,  ie.  24-81. 

At  B  however  it  will  be  remarked  that,  whfle  the  oxygen  is  '28  in 

exiaeas  {25-OD  —  24*isl),  the  carbon  is  actimlly  deficient  by  -89  units 

(1818-  17-29).     Taking  IS'IS  and  24-81  as  the  standaixl  quantities 

'  ofotfboEaud  oicygen  respectively,  the  following  shows  the  position  of 

Ml  at  the  various  points  per  I'O  units  of  iron : — 


c. 

96 

1*85 


D. 
39 


-76 


*13 


fi2i 
•00 

•09 


F 
65 

*20 


G 
70A 


7H 


—  —        1-17 

•67        1*07         — 


^    (ac<e»ii, —  — 

^^J««tt  d^ClCTit         ...       —  ^10 

^i^     execs*            ...        28  —           —           —            —            —         216 
t  nitiof  oftrkxiic  acid  per 

^Uatiitaof  pigiroQ      5*13  797        4  23        l'e7          *59          "00        3*22 

In  80  large  a  mass  of  material  as  that  which  fills  a  blast  furnace, 

p^ith  cTer  varying  currents  of  tlie  redaeiug  gases  passing  through  its 

tarioug  portions,  it  is  innx>asible  to  do  more  than  estimate  generally, 

OKI  Q  groat  number  of  analyses,  the  chanicter  of  the  action  whieh  is 

If^'ing  on  at  any  moment  of  time.    As  an  illustration  of  the  changes  of 

^ruposition  in  the  gases^  a  similar  Table  to  that  last  given  has  been 

^'iwtructed  from  the  figui^s  of  Example  2  already  quoted  and  also 

km  on  20  units  of  pig  iron. 


6. 
161 


i  ffegiu  Tg|*.  r«ol 

xhon  deficient 
Do.  eicei*  , 
%ygm  ileticietit 
excess  , . . 
i  of  i^ftrbooic  acid 
hiuitftof  pigiroti      — 


Example  2. 

C.  D. 

^  30 


m 

•30 


•43 


1*10 


174 


m 


2-25 


i6i 


137 


—  —  —  1-00 


■67  —  — 


—        3^40         4-34  —  — 


3-45        2'&2 


'00 


1-31 


2-91 


3-46 


6'89        4"&8 

Thus  it  will  be  seen  that,  while  the  whole  of  the  carbon  brought 
hy  the  limestone,  together  with  the  oxygen  combined  Avith  it  and 
t  conil.*iDed  with  the  iron  in  the  iron  ore,  has  disappeared  soon  after 
g  B  in  Example  I.,  both  ai'e  present  in  considerable  quantity  in 
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Example  II.,  until  after  we  pass  D.  The  differences  in  detail  do  not 
however  affect  the  principle  viz.,  that  after  the  oxygen  combined  wiih 
the  iron,  and  the  carbon  and  oxygen  forming  the  carbonic  add  in  the 
limestone,  or  their  equivalents  in  point  of  quantity,  disappear  firom  the 
gases,  the  amount  of  these  two  elements  Mis  below  that  which  ought 
to  be  found  there,  even  after  making  allowance  for  the  carbonic  acid  of 
the  limestone  carrying  off  a  weight  of  carbon  equal  to  its  own.  After 
this  diminution  in  point  of  amount,  we  have  the  excess  of  carbon  and 
oxygen  reappearing  at  the  tuyeres,  to  the  extent  given  below  in  the  two 
cases  under  consideration,  per  20  units  of  iron  as  before : — 


Carbon. 

Ozygm. 

Example  1 

117 

216 

,,        2        ... 

1-37 

2-52 

In  these  numbers  it  will  be  seen  that  the  proportion  of  carbon  to 
oxygen  is  almost  precisely  the  same;  for 

117      :      216     ::      137      :      2529 

These  figures  indicate  a  ratio  of  carbon  to  oxygen  of  1  to  1,846 
and  1,839  respectfully,  which  is  something  under  1 J  equivalents  of 
oxygen  for  each  equivalent  of  carbon. 

Many  years  ago  Bunsen  and  Playfair  mentioned  the  fact  that  they 
had  detected  2-6  grammes  of  cyanide  of  potassium  per  cubic  metre  of 
the  gases  of  a  blast  furnace;  and  at  the  same  time  stated  their  belief 
that  four  times  as  much  as  this  quantity  was  condensed  in  the  pipes  of 
their  apparatus. 

The  presence  of  this  compound  of  carbon,  nitrogen  and  potassium 
which  subsequently  has  been  proved  to  be  a  never  failing  accompani- 
ment— in  the  form  of  vapour — of  the  gaseous  current  up  to,  or  within  a 
short  distance  of  the  charging  plates,  is  not  indicated  in  the  customary 
analyses  of  blast  furnace  gases,  which  comprise  only  the  constituents 
of  a  true  gaseous  nature.  We  might  therefore  inier  that  a  quantity  of 
nitrogen,  equivalent  to  the  oxygen  which  was  in  excess,  had  dis- 
appeared ftom  among  the  gases,  carrying  with  it  its  equivalent  of  carbon 
(14  N.  to  12  C.)  to  form  the  cyanogen  compounds.  Again,  this  vety 
action  would  of  itself  account  for  a  portion  of  the  excess  of  oxygen, 
because  it  is  not  free  cyanogen  that  we  have  to  deal  with,  but  this 
substance  eombined  with  potassium  and  sodium.     Every   14  parts 
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tharefore  of  nitrogen,  so  disappearing,  would  liberate  8  of  oxygen  ft'om 
poUiflh  or  soda,  these  alkalies,  as  is  well  known,  being  present  in  the 
intiienkb  used  in  the  furnace.  The  oxjgen,  so  set  free,  ulso  accounted, 
\miu  torn*  for  a  part  of  tlie  excess  of  this  element ;  thus  brin^ing^  about 
^Kdistarbances  in  the  relative  r|nantities  of  carbon  and  nitrogen. 
^^The  quantity  of  cyanides  however,  mentioned  by  Bunsen  and 
Fbyfair,  seemed  to  me  insufficient  to  account  for  the  dii^L-repaneies 
fajit  referred  to;  and  I  had  numerous  experiments  made  to  ascertain 
^ amount  of  the»e  alkaliiie  salts  in  the  very  furnaces  upon  the  action 
Pvrhich  my  calculations  are  founded.  No  doubt  tliere  was  some 
alarity  in  the  quantities  so  determined  on  ditlerent  occasicmg, 
ritit  I  ccjnsider  that  the  results  of  the  investigations  juaiity  the  uou- 
ifiiori  that  the  cyanogen  compounds,  at  aJl  events  in  the  fiimac^cs 
kkh  were  examined,  greatly  exceeded  in  amount  that  mentioned  by 
\  distinguished  chemists. 

The  following  Table  gives  the  weight  of  these  salts  in  gmiumes 
r  cubic  metre  of  gas,  taken  at  a  point  about  8  feet  above  the  tuyeres, 
i  fi8j  feet  from  the  top  of  the  Wear  furatice,  of  17,500  cubic  feet:— 


WUiOr 

HUi 

IStlL 

19th. 

23a± 

36th. 

Sdib. 

AVtiTHKC. 

bUMttiiiin  and  sodium 

In  cnmbination  witb 

'art.  acid,  oxygen. 

or  cjimogen 

.|6'69 

30*17 

a3i5 

21'00 

31-65 

1183 

29^1 

hogw      

19-00 

12*»3 

17-32 

11-31 

:iiV6l 

y-16 

15116 

In  the  escaping  gases  the  quantity  of  these  substances  on  some  of 
fcdays  was  as  follows  per  cubic  metre  of  gas:— 


r.isro.       

istb. 

19Ui. 

SSbd. 

aetk 

astjL 

Avengi 

AKiQio  ftitd  kikIiuiii  rom- 

iii«d  M  before  f^mmiucs) 

11-20 

15-3^D 

868 

5-89 

12i* 

mi7 

aogen 

4-00 

ti*&J 

3-57 

2*91 

17il 

377 

The  data  upon  which  the  quantities  just  enumerated  were  calculated 

obtained  from   two  hundred   litres    of  gas    withdrawn  in  45 

bates,  and  from  this  the  whole  of  the  solids  was  condensed. 

I  Subsequent  experiments  on  one  of  the  Clarence  furnaces  of  25,50(> 

ive  a  considerably  less  quantity  of  alkaline  salts,  the  weight 

. '  tre  not  having  exceeded  1  SO  1  grammes.    Potash  and  soda 

t  detected  in  the  escaping  gases,  but  the  cyanogen  appeared  to  have 


50ft  Feet. 

60  Feet. 

^ssH 

7-67 

5-94 

377    1 

25-87 

24*14 

9K)7     ^ 

One. 

One. 

Rve. 
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been  decomposed  before  reaching  this  point.  In  the  later  trials  tht 
period  of  collection  was  extended  over  5  hours,  but  the  quantity  of  giH{ 
collected  was  only  60  litres. 

The  gradual  decrease  in  the  average  quantity  of  cyanides  in  thOj 
gases,  during  their  ascent  in  the  furnace,  is  apparent  from  the  followii^ 
series  of  observations: — 

Alkaline  Salts  collected  from  the  gases  {60  litres)  of  one  of  the  Clarenee 

furnaces : — 

Height  above  Tuyeres  8  Feet        21i  Feet 

Cyanogen  (grammes) 15*06        1576 

Potassium  and  sodium  (grammes)    29*11        31*99 

Number  of  Experiments  ...    Six.  One. 

The  alkaline  metals  are  in  quantity  considerably  above  that  re- 
quired to  combine  with  the  cyanogen,  the  excess  being  combined 
with  carbonic  acid.  " 

It  has  to  be  remarked  however  that  there  are  many  practical 
difficulties  which  interfere  with  accuracy  in  determining  the  true 
quantity  of  alkaline  matter  contained  in  the  furoace  gases,  particularly 
in  the  hotter  regions,  where  it  is  trickling  down  in  a  fused  or  semi-- 
fused  condition.  The  choking  of  tubes  employed  for  conveying  the 
gas,  and  the  occasional  projecting  of  a  fragment  of  unusual  dimensioMr 
composed  of  matter,  largely  impregnated  with  alkalies,  are  cases  of  sudi 
difficulties.  Having  regard  however  to  the  number  of  experiments 
given  above,  fourteen  in  number,  it  is  obvious  that  there  must  have 
been  present  a  considerable  quantity  of  cyanides  and  carbonates  rf 
potassium  and  sodium. 

A  constant  return,  from  the  upper  to  the  lower  zone  of  the  ftunace, 
of  the  alkaline  carbonates  and  cyanides  present  might  no  doubt  account 
for  such  discrepancies  in  the  quantities  of  carbon  and  oxygen  as  have 
been  already  described,  but  the  same  results  might  be  due  to  carbonic 
acid  brought  down  to  the  tuyeres  in  combination  with  the  lime  in  the 
flux.  Carbonate  of  lime  is  well  known  to  retain  its  carbonic  acid  even 
when  exposed  to  very  high  temperatures,  if  free  access  of  steam  or  other* 
gases  is  excluded.  The  presence  of  alkaline  and  other  fusible  matter 
might  hermetically  seal  fragments  of  limestone,  and  prevent  the  dis- 
placement of  their  carbonic  acid  until  they  reached  the  tuyere  partly 
or  wholly  undecomposed.    Pieces  of  this  mineral  were  drawn  out*. 
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fed  were  fouod^  aa  was  anticipated,  to  bo  coated  with  a  fused  crust. 
tenemlly  s[jcakiii^%  the  frai^meiits  then  examined  were  entirely  tree 
bfm  a  trace  of  carbonic  acid.  Upon  rare  occjisions  howertT,  when  a 
fki^oe  enoie  ilown  feu  the  hearth,  the  centre  seemed  to  have  been 
Ltjy  ftflTeeted  bj  the  heat  during  its  passage  through  a  furnace 
-  nucitj  of  25,500  cubic  feet.  Iteceutly  such  a  piece  of  liine- 
iied  a  kernel  2  in.  diameter,  which  had  unly  lost  about  10 
U  of  its  carbonic  acid,  the  remainder  of  the  block  containing 
a  trace.  Undecompoaed  limestone  however  docs  nttt  appear  to 
aaj  aufficient  explanation  for  any  irregularity  in  the  ratio  of 
m  and  uiygen  to  the  nitrogen. 

;t  is  quite  clear  from  what  has  preceded  that  it  is  impossible  to 
the  respective  catises  of  the  tivo  changes  in  the  gaseous  con- 
of  the  blast  furnace. 

'o  avoid  aa  far  as  is  pussible  all  needless  complication,  the  results 

by  the  group  of  analyses  designated  as  Example  No.  1  will 

n  Its  u  nieauB  of  iilustratiug  the  present  subject,  which  is  u> 

to  ahow  that  in  all  probability  the  dissociation  of  carbonic 

also  contriliutes  to  the  irregularities  in  the  composition  of  the 

from  Uic  top  downwards. 

mmeucing  at  tlie  top,  we  know  that  as  soon  as  the  oxide  of 
in  Cleveland  calcined  stone  is  warmed  up  to  about  400"^  F* 
Co  carbonic  acid  is  generated;  and  that  when  the  ore  paases  the 
Kihere,  havmg  regard  to  temperatoi-e,  the  quantity  of  the  gas 
la  the  deposition  of  carbon,  we  shall  have  carbonic  acid  pro* 
g  from  two  sources,  viz,,  largely  from  reduction  of  the  peroxide 
a,  and,  to  a  certain  extent,  from  dissociation  of  carWnic 
t*xidc*  The  actual  quantity  due  to  the  latter  cause  will  at  first  no 
imbt  be  very  small,  for  at  a  temperature  of  770^  F.  (410°  C.)  it  was 
tiicDtioucd  that  when  the  gases  contained  33  volumes  of  carbonic  acid 
^100  of  cjirbunic  oxide  no  carbjn  was  deposited.  As  the  heat 
^{vrcmcbvs  a  dull  red,  wluch  it  does  at  1^  to  15  feet  from  the  top, 
'  t  to  become  marked,  because  at  that  point  100 
i  1  •  only  accompanied  by  13  of  €0^. 

At  some  point  not  far  below  B  the  tem}>erature  has  become  suffi- 
lent  to  expel  the  chief  part  of  the  oxygen  from  the  ore,  as  well  as  the  car- 
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bonic  acid  from  the  limestone;  because  at  this  level  the  oxygen  in  thi 
gases  is  only  equal  to  that  injected  or  separated  at  the  tuyeres  (24'd 
units)  as  already  described.  At  the  same  time,  while  this  is  going  on.  J 
doubt  carbon  deposition  must  be  in  active  operation,  and  by  it  ciq 
bonic  acid  is  formed.  If  it  happens  that  this  carbonic  acid,  along 
with  some  of  that  furnished  by  the  limestone,  escapes  deoomposidoo, 
such  a  position  of  equilibrium  will  be  established  at  that  level  betweea 
CO  and  CO,,  that  reduction  of  the  ore  by  carbon  direct  will  be  set  uf^ 

Leaving  the  cai*bon  and  oxygen,  which  are  considered  to  hava 
been  withdrawn  from  the  gases  by  the  formation  of  alkaline  cof' 
bonates  and  cyanides,  to  pursue  their  way  upwards,  we  will  proceed 
to  consider  the  state  of  affairs  at  6  feet  above  the  tuyeres  or  at  the 
point  G.  Here  that  which  was  regarded  as  the  normal  compodtios 
of  the  gases,  viz.,  18*18  carbon  and  24*81  of  oxygen,  has  been  inte^ 
fered  with  to  the  extent  of  *38  of  the  former  and  1  '07  of  the  latter. 

The  only  way  I  can  account  for  this  is  by  the  withdrawal  of 
carbon  owing  to  the  dissociation  of  carbonic  oxide,  while  at  the  same 
time  the  carbonic  acid  formed  (2  CO  =  C  +  CO,)  has  been  decom- 
posed by  the  iron  having  seized  one  of  its  equivalents  of  oxygea 
(xFe  +  CO,  =  Fe^O  +  CO).  The  quantity  of  oxygen,  1*07,  mif 
appear  large  compared  with  the  carbon,  -88;  but  at  this  very  point 
reduced  iron  was,  on  one  occasion,  exposed  to  the  gases,  and  for  1*50 
of  carbon  deposited,  as  much  as  9*53  of  oxygen  was  absorbed. 

Of  course  such  a  fixation  of  oxygen  as  that  su^rested  means 
that  in  a  zone  essentially  reducing  in  its  character,  oxidation  can  be 
effected.  Dr.  Percy  points  out  this  anomaly,  and  does  not  unde^ 
stand  how  oxidation  and  reduction  can  occur  alternately  in  so  limited 
a  space.  Mj  own  experiments  however,  many  times  repeated,  prove 
that  oxidation  really  does  go  on  when  the  pure  reducing  agent  alone 
is  employed.  Thus,  for  example,  when  spongy  iron  was  subjected  to 
a  current  of  carbonic  oxide  at  a  low  red  heat,  for  each  100  of  carbon 
deposited  G'G  of  oxygen  had  united  with  the  iron;  while  at  a  tem- 
perature of  melting  zinc  the  oxygen  was  only  10  per  cent,  of  the  carboi 
deposited. 

At  a  bright  red  heat  the  quantity  of  carbon  separated  by  metallie 
iron  is  not  large,  for  then,  as  it  would  appear,  the  oxygen  dhmbA 
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iron  reacts  on  the  carbon.    I'hus  perfectly  reduced  spongy  iron 
at  the  ttboTe*nientioned  temperature  to  a  current  of  pure 
oxide  for  one  hour,  and  afterwardjs  for  three  houra  more 
any  farther  addition  to  the  carbon  or  oxygen  taking  place. 
ilts  were  as  follows: — 


Inini. 

Curboji. 

OvjtetL 

f>ll-2t) 

•as 

'48     - 

9931 

^30 

36     » 

ihrniT         f>l>2t)  -32  '48     -     100 

[ for  three  Jiours  iiior*^    ,     9931  *30  36     -=     100 

rinstances  for  100  of  carbon  received  we  ha?e  120  and  150 
kygen  respectirely.     To  secure  more  favourable  conditions  for 
depoaition,  calcined  ironstone  was  placed  in  the  tulx'S  and 
k  during  two  hours  to  the  gases  of  a  furnace  48  feet  high. 


9 
9 
5 
3 


TuU  CO,  per 

;  •!  OO. 

5 
0 
6 

9 


Tempenttire. 

C  depo«lt«d  p«r 
100  Fe  preaeiit. 

P«rOedtOri«iiml 
O  nmored, 

No  signs  of  rednew. 

3*07 

13-7 

Cherry  red. 

'B6 

76-3 

Brifflit  ml. 

SS 

76-3 

Very  bright  ted. 

55 

68*2 

Do. 

•82 

68*1 

Jprtn  jinother  occ^asion  a  specimen  of  spongy  iron  was  jmmersed 

be  gnsee  of  an  80  feet  furnace,  taken  at  a  level  53  feet  from  the 

The  temperature  was  bright  red,  and  the  composition  of  the 

as  observed  before  and  after  the  experiment,  which  lasted  fur 

9.  was  by  weight  as  follows:— 

Before 

2'7 

31-5 

,.,       NiL 

...       65-8 


Carbonic  ncid 
Cafbonic  oxide 
Hydr«>gcn      .,, 
Nitrogen 


After 

1-4 

65-2 


10t> 


100 


I  iron  present  had  aofpiired  '99  per  cent,  of  carbon  and  *9  of  oxygen. 

bfc  largest  amount  of  carbon  thus  deposited  in  an  ore  of  ii'on 

;  place  when  the  latter  was  placed  during  24  houra  in  the  gases  as 

^  left  a  furnace  48  feet  in  height,  the  temperature  1>einjq^  between 

and  000^  F,  (427^  and  482^  C.)  The  quantity  of  carbon 
i\  had  been  precipitated  from  its  oxide,  amounted  to  33*04  per 

reckoned  on  the  amonnt  of  iron  present. 
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It  is  obvious  from  the  facts  just  given  that  there  is  abnndfl 
opportunity  for  a  very  large  quantity  of  finely  divided  carbon  beii 
thus  infiltrated,  as  it  were,  throughout  the  ironstone;  by  means  « 
Tvhich  deoxidation  can  be  most  readily  effected.  In  confirmation  0 
the  idea  that  the  quantity  is  a  krge  one,  may  be  adduced  the  fact  tU 
while  the  coke  and  lime  do  appear  at  the  tuyeres  in  good  sized  pieoe^ 
the  ironstone  being  torn  asunder  by  the  act  of  carbon  deposition,  | 
rarely  so  seen  in  pieces  of  any  size.  Moreover,  when  a  fdmaoe  if 
blown  out,  large  accumulations  of  the  precipitated  carbon  are  fouiil 
in  the  masonry  and  among  the  materials. 

Nor  does  the  value  of  this  substance  appear  to  be  confined  to  the 
reduction  of  the  ore.  It  would  appear  to  form  with  the  slag  a  spedei 
of  conglomerate,  which  probably  acts  as  a  protection  to  the  masoniy. 
in  the  region  where  the  temperature  is  highest.  It  would  be  difficidt 
indeed  to  conceive  how  the  fire  brick  of  the  walls  surrounding  thl 
hearth  could  resist  the  corroding  action  of  the  slag  without  this  or 
some  analagous  mode  of  defence;  because  a  plain  fire  brick,  whet 
placed  in  the  current  of  slag  as  it  runs  from  the  furnace,  melts  away 
almost  like  sugar  in  water.  Experience  has  already  proved  that  thl 
80  feet  furnaces  are  resisting  the  extraordinary  demand  conBtaotl|t 
exercised  on  their  powers  of  endurance,  with  greater  effect  than  did 
the  smaller  furnaces.  Now  in  the  former,  as  is  clear  from  what  hm 
preceded,  the  opportunities  for  carbon  deposition  are  greater  than  it 
the  latter;  which  may  account  for  the  increased  durability  which  has 
accompanied  the  use  of  the  larger  dimensions. 

The  simultaneous  deposition  of  carbon  and  absorption  of  oxygen 
appears  a  reasonable  mode  of  accounting  for  that  excess  of  both,  which 
manifests  itself  when  the  iron  falls  as  fluid  metal  into  the  hearth,  and 
which  disappears,  at  all  events  to  some  extent,  in  the  manner  supposed, 
by.  the  formation  of  alkaline  carbonates  and  cyanides. 

We  may  now  return  to  our  two  examples  (pp.  214,  215)  and  consider 
what  goes  on  at  the  other  levels.  An  action  similar  in  principle  to  thai 
described  occurring  at  G  goes  on  as  we  pass  the  levels  designated  aa 
F,  E,  D,  and  C ;  but  here  probably  owing  to  the  heat  being  less  intenae 
the  carbonic  acid  or  a  part  of  it  is  not  decomposed  by  the  iron,  tod 
hence  the  absorption  of  oxygen  by  the  metal  is  much  less.    To  facilitate 
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aparifion,  the  ntiite  of  curboiiic  ndd  per  20  of  pfg  are  gireii  in 

>  tu  and  it  will  be  obsorTed  that  m  the  cooler  portions  of  the 

are  approached  the  quantity  of  carbonic  acid  incTeases, 

Te  have  now  to  imagine  the  condition  of  things  in  what  is  geuertilly 

lied  oa  the  true  zone  of  reduction  at  and  abt»ve  B. 

iThe  cyanides  will  melt  when  in  contact  with  partially  deoxidized 

-let  UB  my  with  the  protoxide,  FeO.    The  action  in  that  case  will 

My  be  2  CKCN)  +  3  FcO  =  Kfi  -f  2  CO  -f  :^  Fe  +  2  N;  where 

be  ol)6er?ed  that  all  the  carbon  and  nitrogen  are  restored  to  the 

The  alkaline  metal  will  immediately  he  oxidized:  part  will 

,  and  party  with  a  portion  of  the  alkaline  carbonates,  will  condense 

i  the  cottier  materials,  and  l)e  earned  back  to  form  a  freah  supply  of 

The  carbonates  of  potash  and  soda,  dnring  their  pai«age 

sgh  incandescent  iron,  will  probnldy  be  entirely  decomposed 

30a  +  Fe  =  NXO  +  FeO  +  CO)— a  form  of  action  which  also 

tttely  restiires  the  oxygen  and  eai-bon  al^oi'bed  by  the  soda  to 

lit  would,  of  csoarse,  be  difficult  t^  say  what  is  really  the  precise 
rare  of  the  action,  which  leads  to  the  disappearaoe^  of  the  cyanides 
ey  ascend  through  the  materials. 

It  would  also  be  difficult  in  a  mere  laboratory  Rxperiraent  to 

the  conditions  as  they  exist  in  the  blast  furnace.    Failing  this, 

eiperimentfi  were  undertaken,  to  ascertain  the  reducing  power 

of  cyanogen  when  in  the  presence  of  carbonic  acid.      The  absence 

[  cf  ftll  oxygen  in  the  former  gas  rendered  it  pretty  certain  that  its 

*  deoxidistng  power  would  be  superior  to  that  of  carbonic  oxide,  with 

which  it  was  the  object  of  the  trial  to  compare  it.    The  quantity  of 

cwhrm  in  a  given  volume  of  cyanogen  and  carbonic  oxide,  it  may  be 

I,  is  the  same. 


SxpcMied  Oxido  eonfaiJned  per  100  oC  TuUl  Fe, 


Vr4M.  DttrKtlon  Temp. 
00,.  ofExpi       C* 

2-75    ©9*f*  Met.  Fe56'a. Oxidized  Fc  437.  Comb,  witli  O 91. Carbon  28  5 

77-3  H  17'^  n  13-8 

93-4  „  32-2  „  13 

900  „  33*82  „  2*63 

100-  .»  28U0  „  *5 


6 

e 

15 
90 
IS 


81  Bri^lit  red. 
2*5        806° 
3*         775^ 
2-8  Bright  red. 

AH  these  experiments  tend  to  show  that,  both  in  reducing  power 
!  Ud  ]Q  the  facility  of  depositing  carbon,  cyanogen  is  greatly  superior 


227 
6*5 
•9 
none* 
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to  carbonic  oxide;  for  it  will  be  remembered  that  equal  yolames  of 
latter  gas  and  carbonic  acid,  at  a  bright  heat,  &r  from  affording 
metallic  iron,  oxidized  the  metal,  and  at  no  temperature  was  any  cai 
thrown  down  from  this  mixture  of  the  two  gases. 

Notwithstanding  the  difficulty  referred  to,  in  explaining  the  e: 
nature  of  the  reactions  which  take  place  between  the  alkaline  cyan 
and  the  unreduced  ore,  so  much  was  ascertained  as  to  make  it  apj 
that,  as  they  passed  through  the  contents  of  the  frimace,  they  ^ 
gradually  converted  into  carbonates. 

Cubic  Msmv  of  Gas 

Feet  CONTAINKD  AULAUKK  BA8X8. 

above 
Tuyeres. 

24  

50J         

60  

Finally,  as  the  gases  pass  out  of  the  furnace,  cyanogen  as  has  b< 
already  observed,  is  often  entirely  absent,  the  alkalies  being  foi 
entirely  in  the  form  of  carbonates. 

With  regard  to  the  gradual  increase  of  alkaline  matter,  I  had  I 
gases  of  a  furnace  examined  soon  after  it  was  "  blown  in."  As  mij 
be  expected,  the  quantity  of  potassium  and  sodium  was  very  small, 
opportunity  having  been  afforded  for  its  accumulation. 

Oases  8  Feet  above  Escapiito 

TiTYBRES.  Gases. 


As  Cysnides. 
Gnunmes. 

As  Carbonates. 

19-75 

12-24 

10-68 

1619 

9-14 

14-90 

1st  Expt.  2nd  Ezpt 

Grammes  Grammes  Grammes 

per  Cubic  per  Cubic  per  Cubic 
Metre.                   Metre.  Metre. 

Potassium  ...        6-04  Not  estimated.  >99 

Sodium -32         ...  „  ...  -06 

Cyanogen  ...        4*25         ...        4*34        ...         NU. 

Ultimately  it  may  be  that  this  cumulative  action  is  brought  to 
end  and  the  excess  finds  its  way  partly  into  the  escaping  gases  a 
partly  into  the  slag. 

In  the  expectation  that  an  examination  of  the  fume  at  diffen 
heights  of  the  fiimace  might  throw  some  light  on  the  nature  of  t 
reactions  going  on  at  different  levels,  a  careful  analysis  was  made 
tills  substance,  beginning  with  the  small  quantity  of  vaporous  mat 
which  is  given  off  by  the  slag  as  it  flows  from  a  furnace  producing  gi 
iron,  and  terminating  with  that  contained  in  the  escaping  gases. 
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Rm)e5lT10N  OF  FUME  AT  t  LARENCK  FURNACES,  80  FEET  HIGH              ^^ 

K^1S,ftCO  CUBIC  FEET,  SMELTING  CLEVELAND  IRONSTONE. 

J 

A. 

B. 

C. 

D. 

E. 

F. 

0. 

■ 

^L|fcitevefem«n 

Bmlitod 

EKfttiiJai 

SliNf. 

IFoei. 

36J  Fetrt, 

3»lF*ct. 

4fi|Feet. 

58t  F@«t 

76  Fast. 

■ 

PerCfftifc 

PvrCent, 

Per  Ceni, 

Per  C«Ql. 

For  Cent. 

F«rO«at. 

PerCvDi. 

^^pnrie  acid  (free)  .,. 

5-00 

... 

... 

^ 

^Hpiph'tric  iu!ul 

... 

1*57 

NfilKtr  ptitaidi 

8500 

-.. 

»•♦ 

1-00 

I 

1     .       «oda  ,,. 

7-50 

... 

... 

'23 

1 

1     „        ina^eelft 

2-50 

... 

••• 

1-87 

J 

tpaMt  potaaslmn      ... 

76-98 

89-20 

71*21 

... 

,». 

■ 

■odium 

.<. 

3*61 

07 

... 

... 

... 

IkbooAte  poUsb 

a-9s 

... 

... 

... 

}2^1 

H 

„               ffOdA 

2070 

352 

3*91 

... 

.  »• 

0          eftleium 

..♦ 

... 

.*« 

? 

diloridc  amtaunium    . . . 

<  .1. 

...     i 

2-39 

„       potassium 

..» 

•55 

... 

6-42 

1*80 

6-92 

^       •odium 

... 

248 

6-20 

2-93 

100 

1-48 

t,       tn&|?n(»iQin    *«. 

..• 

! ! 

1-66 

IhideolziAc    ... 

•4* 

irl 

tr'. 

6-71 

1527 

1717 

18"39 

I^tboiii^^  , 

... 

... 

11-88 

... 

Sohiliidi}    «      

..k 

... 

... 

7-70 

MttelBc     

.»■ 

...    ' 

50-75 

13'66 

CUocide  of  zinc 

... 

7-65 

1316 

4*96 

„           calcium 

-♦• 

... 

2-06 

lead 

■  .* 

-.* 

... 

147 

8-77 

^H 

mok 

... 

tr, 
6-dS 

57 

15-00 

3*eo 

10^25 

^f 

Urn     ...        , 

..« 

4.1 

..« 

t. . 

6-70 

14^37 

•56 

^^ttnrinii           ...         **. 

..» 

>.• 

... 

1-84 

611 

3*66 

Jb^ianm 

^.* 

..♦ 

*31 

4*33 

tr. 

mozideiroQ  ... 

... 

1-03 

2t>3 

.  . 

1   Pnoride    „      ... 

... 

... 

15*00 

'    Iodide  of  potaMinm     ... 

'.» 

... 

... 

•12 

Carbon  ... 

|«  t 

27 

•41 

13-66 

Witer 

- 

6'42 

IIXKIO 

lOl-lH 

98-71 

90-98 

10002 

98-98 

lOO'W 

Appitainyito  tcmpemtore  F.          —         a,0(Xv*     IMOif 

1,600° 

900°       600^ 

_ 

(bimiDcs  of  fume  per  cubic 

^^H 

j        OMtre           ,..         ...         ...     1361        774        2'27 

1*39 

1*66       1*903'            ^H 

Coinpi»itioTi,  by  vol*,  of  the  gwcs  at  •.— 

■ 

B.             C.             I> 

E, 

^H 

^         CWbouie  acid     ...         ...       IDO          '46           *0t) 

3'84 

6*66       10-69              ^H 

H      Carbtmlc  oxide 39' IB      3&'80      3i'82 

32-33 

32-25      28'6K                    ■ 

■      Hydrogen                        ...        1-97         114         141 

3-88 

108         1*70                    M 

~      Nitrogen S6-95      G2G0      G3-77 

59-96 

6011      69*03              ^M 

100-        100*        100- 

100- 

100-         100- 

■ 

'  Three  trlaU  were  made  of  1 

lis— tiiey  gave  respective! 

J  2-610, 

1-405,  and  1-666, 

■ 

ifenge  1*903  grammes  per  cubic  metre. 

^H 
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Commencing  with  the  vaporous  matter  emitted  by  the  slag  (A), 
has  been  shown  that  there  was  always  a  certain  quantity  of  sulph 
together  with  some  soda  and  potash,  in  the  cinder  produced  in  smelti 
Cleveland  stone.  It  looks  as  if  a  portion  of  the  sulphur  were  converts 
when  it  comes  in  contact  with  the  air,  into  sulphuric  acid;  after  whi 
it  combines  with  potash,  soda,  and  m^neda,  a  small  quantity  escapi 
as  free  acid. 

At  B,  2  feet,  and  at  C,  26^  feet  above  the  tuyeres,  the  whole 
the  sublimate  consists  of  alkaline  salts.  At  C  almost  the  whole 
these  consist  of  cyanides,  which  24^  feet  higher  up  are  partial 
converted  int©  carbonates. 

The  carbon  and  oxygen,  which  go  to  form  the  cyanides  and  carbonate 
just  mentioned,  appear  to  l)e  \\ithdrawn  from  the  gases  by  oondeusatio 
between  B  and  C,  to  be  returned  to  the  gases  either  at  the  tuyeres  c 
where  the  sublimate  is  melted  and  carried  off  in  the  cinder.  It  is  th 
portion  returned  to  the  gases  which  is  supposed  to  account  in  par 
for  the  increase  of  carbon  and  oxygen  in  the  gases  at  a  point  below  I 

At  D,  18^  feet  above  C,  a  large  percentage  of  the  fume  (fully  7 
per  cent.)  consists  of  alkaline  salts,  chiefly  cyanides.  These  seem  t 
have  accumulated  after  tlie  materials  passed  E,  situate  5|  feet  hi^h( 
up;  the  heat  at  the  latter  point  apparently  not  having  sufficed  for  the 
volatilization.  At  D  vaporization  must  have  fairly  started  an 
have  carried  upwards  the  salts  in  question,  which  must  have  bee 
condensed  and  brought  back  to  the  lower  levels,  where  the  fume 
exclusively  composed  of  alkaline  cyanides  and  carbonates. 

At  E  it  will  be  perceived  that  one  half  of  the  sublimate  consisted 
metallic  zinc,  which  sufficed  to  cover  the  inside  of  the  tubes  emploji 
^\lth  a  lustrous  lining.  At  the  same  time  that  there  was  a  larj 
(quantity  of  zinc  in  the  metallic  form,  15*29  of  the  fume  consisted 
oxide  of  zinc.  A  reference  to  D,  5|  feet  further  down  in  the  funia< 
will  show  that  all  this  metal  existed  there  as  carbonate  or  oxide,  tl 
two  amounting  to  18*59  per  cent,  of  the  whole. 

To  form  an  idea  of  the  reducing  power  of  these  two  regions  of  tl 
furnace  on  oxide  of  zinc,  we  must  consider  their  temperature  and  tl 
nature  of  the  atmosphere  which  pervades  them.  These,  obtained  fro 
a  furnace  of  80  feet  in  height,  are  given  below: — 
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D  lao;  feei 

rmtp«ti>iun' iiboiit    ..        ,.       ..       .,     t)80»O  a.7W*FJ 

C&mpo9*ttOH  of  gdaea  Ay  tQlumf: — 

CjulMmic  ai»id IM) 

i*ArUituc  oxide ...  ...  3I''82 

HjdrciK^ri  V-ll 

Nitroisrtti  ...        ...       «»3'77 

100- 


K  (45t  feei 
870*"  O.  a.sos*  F.> 


3-84 

S2'33 

3-68 

100* 


The  first  step  was  to  ascertain  the  nature  of  the  action  of  carbonic 

tide  OB  inide  of  zinr;  which  was  done  by  passing  the  ]>erfectlj  pnre 

I  QTer  the  oxide  in  an  apparatus  from  which  all  air  had  been  expelled. 

( first  indication  of  carbonic  acid  in  the  current  of  ga«  was  ^vhen 

the  Uimpeniture  reached  800^  F.  (427^  C.) — a  much  higher  temper- 

itute  therefore  than  that  at  which  pei*oxide  of  iron  fi I'st  shews  marked 

action,  which,  it  will  be  remembered,  is  40f/'  F, 

On  increajsing  the  heat  to  the  s<»ftenintr  point  of  the  glass  iwU: 

employed  (about  815^  C.  or  1,500*^  F.),  metallic  zinc  began  to  sublime, 

(uiied  witli  oxide.    Inasmuch,  however,  a£  oxide  of  zinc  is  not  volatile. 

He  among  the  subh*mate  is  probably  due  to  a  reoxidsitioii  of 

iMrraed  metal,  through  cntitact  with  the  highly  heated  carbuuV* 

icid  formed  bj  the  oxidation  uf  the  carbonic  tjxide. 

An  exjKsriment  was  made  to  ascertain  the  behaviour  of  meta!lic 

ac  in  contact  witli  carbonic  acid  at  certain  temjjeratures.    This  gas 

dilj  converted  the  zinc  into  oxide  before  the  metal  was  melted. 

Itahighei-  temperature,  800*^  to  850^  C.  (1,472°  to  1,502^  F.),  the 

irbonic  acid  was  entirely  converted  into  carbonic  oxide,  and  the  zinc 

l^ikxidized  in  proportion. 

The  compoaition  of  the  gases  may  vai-y  so  much  during  the  time 
t>^  collecting  the  subhmed  matter  they  rontain  that  it  is  useless  to 
J^tilaie  on  the  rcar^tions  which  are  taking  place  in  the  interior  of  i lie 
law  of  heated  substances  which  fill  the  furnace.  No  doubt 
Jtanch  of  the  metallic  zinc  reduced  in  the  strougly  redocing  zone  is 
^feotidized;  for  it  was  nscertnined  that  on  exp«>sing  jxToxide  of  iron  to 
•  current  of  zinc  vapour,  in  an  atmosphere  of  nitrogen  and  at  a  full  red 
^^t,  for  2^  hours,  one-half  the  iron  was  found  completely  reduced. 
^iJy  unrednrcd  oxide  of  iron  therefore  nt  D  would  also  be  able  to 
''Jo^idixe  the  metallic  zinc. 
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Although  in  the  table  of  analyses  of  the  fame  the  acids  and  bases  are 
mentioned  as  existing  in  a  certain  form  of  combination,  it  is  impossible 
to  speak  with  any  degree  of  confidence  as  to  their  precise  condition  in 
this  respect. 

Before  leaving  the  phenomena  connected  with  the  presence  of  zinc, 
it  should  be  stated  that  this  metal  is  frequently  collected  in  considerable 
quantities^  after  running  out  in  its  metallic  state  through  the  brick- 
work near  the  tuyeres.  As  the  temperature  in  that  region  is  inconsistent 
with  the  presence  of  the  metal  in  its  liquid  form,  this  e£9ux  is  probably 
due  to  zinc  being  distilled  higher  up  the  furnace  and  accumulating 
behind  the  masonry,  where  from  a  subsequent  increase  of  temperature 
it  melts,  and  then  escapes  in  the  manner  described. 

The  presence  of  lead  in  the  vapourized  substances  which  are  found 
in  the  blast  furnace,  indicate  the  frequent  existence  of  this  metal 
in  the  material  employed  by  the  iron  smelter.  This  is  particularly 
the  case  when  the  ore  is  obtained  from  veins,  more  or  less  productive 
of  galena,  in  which  event  metallic  lead  sometimes  runs  from  the 
tappinghole  into  the  pig  moulds.  I  have  not  met  with  this  during 
my  own  experience;  but  the  circumstances  attending  its  occurrence,, 
no  doubt,  are  analogous  to  those  which  accompany  the  reduction  of 
zinc. 

IVTiether  ammonia  is  brought  in  by  traces  adhering  to  the  coke,  or 
is  the  result  of  a  direct  combination  of  nitrogen  with  hydrogen  in  the 
furnace,  or  occurs  through  the  instrumentality  of  the  cyanogen  com- 
pounds, I  have  no  means  of  determining.  About  10  years  ago,  when 
using  raw  Cleveland  ironstone  in  the  furnaces,  a  large  quantity  of 
water  was  given  off;  and  this  dissolving  the  deliquescent  chlorides 
formed  stalactites  outside  the  gas  tubes.     These  consisted  of: — 

PerCenl 

Insoluble  matter,  jmibably  peroxide  of  iron            ...         ...  I'O 

Chloride  of  ammonium          52*9 

Do.        iron           147 

Do.       zinc          6*6 

Do.       sodium  and  calcium       ...         trace. 

Water 24*8 

100- 
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In  oonncction  with  the  presence  of  the  alkalies  in  the  Tapours 
itied  daring  the  smelting  of  iron,  it  sbonld  be  stated  that  the 
jvelj   nire   alkali    lithia,   wa«   observed,    by    means   of  the 
ij3e,  in  the  tiame  burning  at  the  tymp  of  one  «>f  the  C%renc^* 
umatvs,  by  Mr,  Norman  Lockyer  and  myself;  and  siibseqaently  thiH 
ibstima^  was  detected  as  a  trace  in  an  analysis  of  the  fume. 
The  substances  contained  in  the  fume  which  now  claim  attention 
are  tlie  silica,  lime,  alumina,  and  magnesia.     These  four  earths  occur 
I  lar)ce  r|uantity  in  the  ironstone;  they  constitute  the  *ish  of  the  coke. 
itlie  limestone  in  use,  the  last  mentioned  although  essentially  a 
nnnt-e  of  lime,  contains  alsi>  a  small  amonnt  of  silica,  alumina,  and 
[tongTiesia. 

No  doubt  the  mere  current  of  gas  passing  through  t!ie  materials 
l^hen  charged,  will  mechanically  propel  a  certain  quantity  of  the  tine 
[dost,  which  occurs  largely  in  the  calcined  Cleveland  stone  and  to  a  le^s 
|«tcat  in  the  coke.  The  presence  uf  dust  of  peroxide  of  iron  and  of 
I  ewbou  in  the  fume  deposited  by  the  gases  as  they  escape,  is  a  proof  of 
U  certain  portion  of  matter  Wing  cari'ie<l  over  mechanically  in  the  way 
I  luggcsteci.  Snch  portions  are  however  coarse  in  their  texture,  and 
form  no  part  of  the  chief  mass  which  hm  been  referred  to  as  a  sublimak'. 
This  appellation  has  been  besttnvcd  uu  the  true  fuiuc,  because  it 
k«ii8  idl  the  physical  attributes  of  matter  which  has  Ijcen  in  vapour, 
I  tnd,  condensing  from  that  state,  has  adhered  to  any  surface  exjwsed 
Nit, 

The  circumstance  that  fonr  substances,  of  such  a  fixed  nature  as 

I  aliGii  Itnie,  alumina,  and  magnesia,  are  evaporated  by  heat,  and  by  a 

comparatively  moderate  heat,  seems  the  reverse  of  what  might  be 

<>*X|H?cte(i ;  especially  as  some  of  these  substances  are  employed  in  the 

Qjiigtrnetion  of  tile  hotteat  furnaces. 

In  ^searching  for  the  probable  origin  of  t!iis  sublimed  matter,  I  was 
f«f»nflerly  led  Uj  hnA  for  metaOic  potassium  and  sodimn  in  the  furnace* 
^Hilieving  that  they  might  reduce  the  bases  of  the  earths,  and  that 
^^'^j  Wing  earned  mechanical]y  upwards  in  a  fine  state  of  division, 
^^H  be  reoxidized  in  the  upi>er  region;  but  I  failed  to  discover  a 
*"»•«  of  tliese  metals. 
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Attempts  were  then  made  to  obtain  metallic  alnminiom  in  th& 
laboratory,  by  exposing  to  a  very  high  temperature,  in  a  graphite 
cracible,  mixtures  of  alumiua  and  cyanide  of  potassium,  with  and 
without  carbon.    In  no  case  was  there  a  trace  of  the  metal  disooyered* 

There  is  one  fact  in  connection  with  the  properties  of  this  fiune 
which  deserves  attention.  The  silica  in  all  the  raw  materials  of  the 
furnace  is  almost  if  not  entirely  insoluble  in  water,  after  treatment  by 
hydrochloric  acid;  whereas  in  the  fume  or  sublimate  this  substance  is 
all  soluble  in  that  acid.  This  proves  the  fact  that  chemical  action  has 
been  at  work,  and  the  most  probable  cause  of  such  action  lies  in  the 
alkaline  constituents  of  the  fume. 

It  is  to  be  observed  that  the  gases  contain  no  trace  of  any  of  these 
four  earths,  until  we  have  reached  a  point  about  45  feet  above  the 
tuyeres,  in  a  furnace  having  a  height  of  80  feet.  I  apprehend  that 
tliis  is  due  to  the  condensation  of  the  alkalies,  and  their  existence 
in  a  fused  state  among  the  earths.  Under  such  circumstances  nothing 
more  likely  than  that  we  should  have  a  fused  mass  of  alkalies,  with 
silica,  lime,  alumina,  and  magnesia.  This  mode  of  action  does  not 
necessarily  account  for  the  formation  and  possible  evaporation  of  the 
metallic  bases  of  earthy  substances  by  the  intervention  of  potassium 
or  sodium,  for  these  metals  appear  to  exist  in  the  fume  obtained  from 
the  upper  parts  of  the  fiimace  chiefly  as  potassium  and  sodium 
chlorides.  The  earths  at  E  (45|  feet  above  the  tuyeres)  bear  the 
following  relation  to  each  other: — 

Silica.  Liiut).  Alumina.  MA^esia. 

42  ...  U  ...  12  2     =     100 

Looking  at  the  fixed  nature  of  these  bodies  under  the  most  intense 
heats  we  can  command  it  would  seem  as  if  the  only  means  of  account— 
iug  for  the  sublimation,  is  by  the  power  which  currents  of  highly 
heated  gases  are  known  to  possess  of  carrying  away  substances  other- 
wise fixed  in  their  nature. 

During  the  passage  of  this  earthy  sublimate,  if  such  it  really  b^*^ 
through  the  colder  portions  of  the  materials,  a  good  deal  will  n<=> 
doubt  be  condensed,  and  carried  back  in  the  solid  form  to  the  lowe«* 
regions  of  the  furnace;  and  it  would  appear  that,  while  the  proportio"** 
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mUcsk  m  not.  very  aeBsibly  affected  in  quantity  by  tliis  cnmiilativo 

c-efii!,  the  lime  certainly,  m  shown  io  the  table,  is  consickTably 

imiiUBheil  ill  amount;  its  place  being  taken  by  alumina  and  magrieeia. 

The  following  figJires  exhibit  the  changes  jnst  referred  to;  and  to 

cm  is  added  an  example,  showing  the  compoBition  of  tlie  slag  from 

famacti  smelting  Cleveland  stone;  by  which  it  will  be  seen  that 

18  little  analogy  between  the  fume  and  the  slag,  aa  to  the 

Btjiiufl  which  the  earths  bear  qnantitively  to  each  other.    Where 

.  and  chlorides  occur,  their  equivalent  of  oxide  is  taken  into 


SUlo 

Lime, 

AiuaUun 

MmitieahL 

u 

44 

12 

2       = 

im 

S7 

37 

15 

U 

100 

2S 

17 

21 

t       - 

100 

21> 

3M 

21 

l»       - 

100 

I  4i^  ftvi  nXiOve  tuyrrcs    . « 

~4i  7<;    ilo.     e«caiutig  gitfte<» ^ 

sUjr  

The  oompofiition  of  the  fume  deposited  from  the  gases  alter  they 
are  the  furnace,  cannot  be  relied  on  as  correct?  for  it  is  contaminated 
mechanically  projected  dust,  as  evidenced  by  the  large  quantity 
^^roxide  of  iron  and  cai'bon  it  contains. 

Uioking  at  the  small  proportion  of  the  eartlia  wbich  leave  the 
ttumiice  in  the  form  of  this  fame,  the  composition  of  the  slag  necessarily 
I  it^msscatft  the  relations  they  bear  to  eac:h  otliei'  in  the  materials  charged. 
Affttming  this,  and  comparing  the  composition  of  the  slag  with  that 
Ittfthe  ftirae,  before  it  is  contaminated  with  the  dust  mechanicalty 
'  aimed  over  from  the  ironstone  and  coke,  we  have  the  following 
oumbers, — 

Sillier      lime,    AJiuniuk    Miftfuetia, 
^uuMj  58H<*t  ftbovi?  tuycrp*        ^*7  37  15  II       =     1(X) 

KoniuU  reUtion  w  in  stn^    .         2'J  3h  2  (  £1       ^     100 

rnmi  these  we  may  infer  that  the  silica  is  most  affected  by  the 
'^iim  in  operation  in  the  furnace,  which  condnce  to  sublimation. 

romj>ivred  with  the  slag,  f^7  parts  of  silica  ought  to  have  been 
"^tfunjiaaied  by:— 

LLutf.  Aiumiiiii  MMuticaitL. 

48  ai  11 

nluTi'Hs  Thf-n    Hji-*  only  tJ7  !*">  H 
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Henoe  it  appears  that  the  lime  and  alumina  are  the  least  afPc 
by  the  sublimating  influences. 

The  fume,  during  its  passage  from  the  furnaces  to  the  firepL 
where  the  gas  containing  it  is  burnt^  deposits  its  grosser  parti 
After  combustion  however  there  accumulates  in  the  boiler  and  s 
fireplaces  a  large  quantity  of  a  fine  powdery  matter^  having  a  ( 
yellow  colour. 

From  hence  the  burnt  gas,  diluted  with  the  air  required  fo 
combustion,  a^d  bearing  with  it  a  large  quantity  of  the  finest  port 
of  the  sublimate,  is  carried  forward  towards  the  chimney.  At  the 
of  one  of  the  boiler  chimneys  at  the  Clarence  works,  the  amount  ol 
fume  contained  in  each  cubic  metre  of  the  diluted  gas  was  ascerta 
to  amount  to  1*07  grammes. 

I  will  add  to  what  has  been  said  on  this  subject  the  compositio 
the  deposit  gathered  in  one  of  the  boiler  fireplaces,  and  that  of 
fume  as  it  enters  the  chimney. 


Dust  from  Fireplace. 
Per  Cent. 

Fume  at  Ghimn 
Percent. 

Silica            

2309 

32-85 

Lime            

11-87 

21-23 

Aluinina       ...         

18-48 

16-66 

Magiienia     

4-46 

13-26 

Potash  and  soda     ...         

2-66 

254 

Oxide  of  zinc          

1112 

3-34 

Do.       lead          

;V08 

2-55 

Peroxide  of  iron     

8-29 

6-57 

Sulpliuric  acid  combined  with  lime,  etc. 

..       16-68 

•55 

Pho8i)horic  acid      

99-72 

•69 

100-24 

Although  the  earthy  constituents  which  form  the  bulk  of 
vaporous  or  finely  divided  matter  appear  to  take  their  origin  in  a  ] 
of  the  furnace  where  the  temperature  is  by  no  means  very  intens 
probably  not  above  1,093°  C.  (2,000°  F.) — I  have  remarked  that  w 
the  furnaces  in  the  Middlesbrough  district  are  "working  cold,"  wl 
happens  when  they  are  making  white  iron,  little  or  no  fume  is  gi 
off.  On  the  other  hand  its  comparative  absence  is  to  be  observec 
the  Scotch  furnaces  smelting  rich  foundry  iron,  where  it  might  wel 
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to  occur,  seeing  that  tlii?  slag  much  rest'inblea  in  cx>mpogitioii 

of  the  wiirks  using  Cleveland  stone*    The  slug  from  one  of  the 

^tne8u(  farnacics  contHing  the  four  earths  in  the  proportions  given 

DW,  which,  it  will  l>e  8cen»  closely  resemble  those  tu  the  Clarence 

rtot— 

mien. 

dAreiicf       d*i.  -:' 

At  Colttic88  however  the  ei>al  is  used  raw,  whieh  gives  rise  to  the 

'&iilIatJ0D  of  a  large  quantity  of  tar  in  the  upper  region;  and  it  may 

W  thnt  the  presence  vf  this  substance  may  serve  to  intercept  the  escape 

'  the  sublimate  in  question . 

There  are  no  doubt  many  di"eunjstances  which  may  conduce  to 

in  the  compoaitioii  of  the  fume  from  bla-st  furnaces.     The 

?prominent  of  thofte  arc  alterations  in  tho  contents  of  the  materialB: 

this  olifiervatiou  i&  chiefly  applicable  to  the  ironstone,  wliich  is  much 

more  subject  to  Cihanges  in  eom]X)8ition  than  the  coke  or  limeetone* 

If  this  remark  be  appropriate  in  the  case  of  ironstone,  taken  from 
J«ie  district,  wliich  is  neverthclcs8  variable  in  itsamip'sition*  it  is  still 
fi«o  in  the  case  of  furnaces  employing  ironstone  from  other  districts 
i<if  a  totally  different  character. 

There  ia  to  be  found  in  the  present  Section  a  good  deal  of  matter  of 

imore  or  less  speculative  character.    This  observation  applies  partieu- 

tfly  to  the  alterations  in  the  relative  jirofKirtiouB  which  the  carbon* 

ttygen  and  nitrogen  bear  to  each  other  in  different  levels  of  the  blast 

It  Is  ^m  applicable  to  the  fomiation  and  iM^havionr  of  the 

nogcn  compounds,  and  other  substances  found  in  the  fume  given 

fdurin^j;  the  process  of  smelting.     Whatever  vahie  the  specnlations 

Uhemjiehes  may  have,  it  is  hoped  that  the  facts,  mentioned  in  eonnec- 

|tiou  with  the  attempted  explanations,  may  justify  the  space  devoted 

>  their  desctriptioiK 
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SECTION  X. 


ON  THE  EQUIVALENTS  OF  HEAT  EVOLVED  BY  Tl 
FUEL  IN  BLAST  FURNACES. 

Since  the  matter  relating  to  the  subject  of  the  present  Section 
printed  in  this  work,  further  consideration  has  induced  me  to  a 
few  more  pages  on  a  question  of  so  much  practical  importance  to 
iron  smelter.  This  appeared  to  me  especially  desirable  because  at 
present  time  the  use  of  fire  brick  stoves  is  engaging  increased  at 
tion.  I  have  also  been  led  to  give  the  question  further  notice 
having  had  a  recent  opportunity  of  again  examining  the  performan( 
furnaces  which  are  exclusively  engaged  in  the  manufacture  of  chai 
iron.  Besides  this,  Mr.  Charies  Cochrane  has  published  his  experi 
with  superheated  air  in  his  very  capacious  furnaces  at  Ormesby;^  so 
I  am  now  able  to  supplement  the  data  given  at  p.  107,  et  seq 
reference  to  the  interesting  problems  connected  with  this  branch  oi 
work. 

The  value  of  every  description  of  fiiel,  so  far  as  its  use  in  the  1 
furnace  is  concerned,  I  repeat  may  be  primarily  regarded  as  depen 
on  the  fixed  carbon  it  contains. 

If  the  fuel  used  in  smelting  iron  is  uncharred,  the  gaseous  ma 
instead  of  being  previously  burnt  in  the  coke  ovens  or  charcoal 
is  rendered  available  for  purposes  outside  the  furnace;  but  it  is 
to  useless  inside  it.  Of  course  some  sacrifice  of  solid  carbon  ] 
be  made  in  volatilizing  the  gases,  when  using  raw  fiiel;  but  this 
not  amount  to  the  waste  of  the  fixed  portion  of  the  coal  gene 
incurred  during  the  process  of  charring. 

In  practice  a  coal  containing  72  per  cent,  of  coke  only  yields  a 

•  Proceedings  of  lustitiitioii  of  Meclianicnl  Eng^inet^rs,  August,  1882. 
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cent,  in  the  ordinarv  su^called  Ixje  hive  o\^en,  wh\eh  moans  a  1<isk 

)  tmits.    Allowing  for  ash,  theso  10  units  ofcoke,  if  burnt  to  wirbonic 

w-ill  afford  72,0<l(»  Centigrade  calories*     Supposing  on  the  other 

that  18  units  of  volatile  matter  have  to  be  expel led»  36,00i> 

1  will  be  absorted;  or  alxjiit  one  half  the  quantity  wasted  in  the 

by  the  needless  cumbustion  there  of  soh'd  curbon. 

only  value  of  the  hydrocarbons  which  are  given  ofFby  raw  fuel 
blast  fiimaoe  must,  I  imagine,  be  in  the  power  they  poaaess  of 
tllaining  a  dettxidisiing  ageney  in  the  reducing  zone.     If  this  be 
li  then  they  may  save  m  much  carbonic  oxide,  which  otherwise  would 
quired  to  be  furnished  by  the  combustion  of  solid  wirbon. 
tie  same  obseiTations  as  those  made  in  reference  to  coke  apply,  in 
W   of  principle,   to  the  manufacture  of  efmrcoul;  bnb  the  large 
tity  of  water  present  in  wood,  renders  its  use  in  the  raw  state^ 
,in  very  limited  profKirtions,  impracticable. 
The  heating  pmer  of  llie  fixed  carlxm,  in  fiiel  used  in  blast  fiinmces^ 
Ji  affected  :^ — 

(a)  By  the  quantity  and  nature  of  t!ie  foreign  matter  with  which 
it  is  associated: 

(b)  By  the  temjkenitnre  and  condition  of  the  air  with  wluch  it  is 
burnt: 

(c)  By  the  state  of  oxidation  in  which  it  leaves  the  furnace: 
{d)  By  the  (juantity  of  Iieat   which  escapes  unutilized  in  the 

blast  funuice  gases, 
upose  to  examine   these  items  in   the  order  in   which   they 


(a)  Effect  of  quantity  and  natme  offorei(jn  maUer. — An  ob\ious 
^ntenienoe  of  tbreign  matter,  in  coke  or  charcoal,  is  that  it  affords 
'beat  in  the  fiimace;  for  even  if  a  p^irtion  is  in  the  form  of  com- 
patible gas,  it  is  evaporated  long  befoj-e  it  reaches  the  tuyen^s,  where 
^heiolid  carbon  is  burnt.  The  extent  to  which  fuel  ts  injured,  under 
tkis  iisj>cct  of  the  case,  de|>euds  on  the  quantity  of  foreign  matter 
I*wetit.  8upix)ging  it  to  be  10  per  cent,,  the  co-efiicient  of  heat,  for 
**^  unit  of  coke  burnt,  is  as  under : — 

TDeiiHMmieti\i<l<' 1    >   2,im  —  10  jnr  reiiL  imptiritv  ==  liplfiO. 
Til  CArlwiiH*  »cul  \    *   H,lX)0  —  10  ]H*r  emit.  iiiii|»ttntv  —  7»20tl. 
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ftblcs  it  to  can'v  off  a  quaDtily  <>f  solid  carbon  cqyMl  Ut 
I;  this  quantity  is  thus  oxidized  without  aifordiu^j  auj 
|he  furnace. 

r*  F.  Muck  has  given,  in  a  ^^ery  use  fill  publieaitioii,'  the 
tain  analjaes,  in  which  as  much  as  lijH  per  cent,  of 
I  as  one  of  the  cxjnatituenta  of  coke,  Act*ording  to  the 
'  PaiTj»  when  coke  was  heated  in  vanw,  the  oxygen  wm 
lucing  CO  and  COa  in  the  ratio  of  one-third  in  the  fonuer 
"ds  in  the  latter  state  of  combination.     Apply  hi*;:  the^e 

re  containing  7*H8  per  cent,  of  oxygen,  thia  means  tlmt 
of  itfl  carbon  woald  disappear  as  CO^,  and  be  wnstcd 
^ed  the  tuyeres, 

■dnd  of  the  foreign  matter  requiring  notice  is  the  solid 
ictfi  hurtfully,  not  only  because  it  must  itself  be  fused,  but 
ijonal  limestone  has  to  i>e  used,  partly  as  a  flux  and  partly, 

ee  the  iron  from  the  additional  sulphur  often  brought 

,  of  the  fuel 

considered  roughly,  that  when  .Ho  units  of  coke  arc 
ace  2U  units  of  Cleveland  pig  iron,  IG  tiuits  of  limestone 
;  and  this,  when  the  consumption  of  coke  is  reduced  to 
the  use  of  large  furnaces  80  feet  in  height,  is  brought 
inits. 

I  the  aah  and  sulphur  at  7  per  c-ent.,  we  should  have  to 
D  units  for  the  30  units  of  coke,  and  I'U  for  the  22  units. 
alent  to  an  increase  of  (2' 10  —  1*51),  or  *5G  of  ash;  U> 
be  added  the  lime  in  5  units  of  limestone,  say  2*8  imits 
'^^  of  tsirhonio  acid.  We  have  therefore  3*30  units  more 
5  in  the  one  case  than  in  the  other. 
loss  upon  the  20  units  of  iron  will  stand  thus:— 


I 


O,  fmrn  5  cwt«.  of  limestone 

^  of  the  2*2  CO,     

id  lime ^ 


ip^Miw*     Trmmlatt-d  iioticp  is*  gixim  In  Tnmmvi'um^  rnui  jiiii!  KUtI 


5  X     370  -  umit 

,.  '6  carbon  k  3,200  -  l,92it 

3-36  ciiultr  k      r.5o  -  l^BiH 

i>,61ft 
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From  the  facts  jast  enumerated,  it  may  be  estimated  that  fro 
causes  connected  with  the  composition  of  the  coke,  its  valne  as  a  som^ 
of  heat  may  be  affected  to  the  extent  of  from  about  8  per  cent.  i 
about  double  this  amount.  This  diminution  of  power  is  frequenti 
aggravated  by  a  stiU  larger  quantity  of  ash  than  that  considered  i 
present  in  the  above  calculations.  On  the  Continent  I  have  met  wit 
instances  in  which  coke  used  for  smelting  iron  contained  ss  much  a 
12  to  15  per  cent,  of  earthy  matter. 

An  excessive  use  of  fuel  in  the  blast  furnace  is  thus  accompaniec 
by  a  notable  waste;  for  it  has  just  been  shown  that  5,618  heat  unitf 
may  be  devoted  to  the  formation  of  the  additional  slag  incidental  tfi 
an  increase  of  8  cwts.  of  coke  consumed  per  ton  of  iron. 

{h)  The  temperature  and  condition  of  ifw  air  with  which  the  coh  is 
burnt — Each  addition  to  the  temperature  of  the  blast  increases  by  so 
much  the  number  of  calories  afforded  by  the  coke.  If  the  blast  contained 
500  calories  for  each  unit  of  the  fuel,  and  if  the  heat  afforded  by  the 
combustion  of  the  fuel  were  3,840  calories,  the  equivalent  of  fuel  so  burnt 
would  be  8,840  -f  500  =  4,840  calories.  On  the  other  hand,  if  the 
air  contains  1  per  cent,  of  moisture,  which  it  occasionally  does,  160 
calories  per  unit  of  coke  burnt  might  be  absorbed  from  this  cause. 
This  however  is  an  extraordinary  amount  of  saturation:  100  to  W 
calories  is  therefore  a  more  common  amount  of  heat  absorption  frcwn 
moisture  equal  to  about  2  J  or  2|  per  cent,  of  the  total  quantity  of 
heat  evolved  under  the  conditions  just  mentioned. 

(c)  The  state  of  oxidation  in  which  the  carbon  leaves  thefurnmr- 
Reference  has  frequently  been  made  in  the  present  work,  to  an 
apparent  limit  beyond  which  the  oxidation  of  the  carbon  in  the 
gases  could  not  be  carried.  The  observations  upon  which  this  point 
was  approximately  determined  were  carried  on  by  means  of  fuma<5es 
smelting  Cleveland  ore  with  Durham  coke.  At  the  same  time  I  have 
no  reason  for  thinking,  that  the  conclusions  I  amved  at,  under  tb< 
conditions  just  named,  are  not  equally  applicable  to  all  furnaces  usiol 
mineral  fuel. 

It  is  needless  to  refer  again  at  any  length  to  the  methods  employe^ 
not  only  at  the  furnaces  themselves  but  in  the  laboratory,  to  demonstmC' 
what  seems  to  be  a  chemical  law,  viz.,  that  when  the  gases  have  aboti 
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thini  of  their  carbon  in  ilie  iuvui  of  carlx^nic  acid,  they  mv 
We  to  reduce  iron-     I   wiinltl  explain  this  liiw  in  the  foUowixijit 

Tlie  wmbiuing  e<|uivalent  of  [jeroxide  of  irou  Fe^O;,  is  80,  com* 

of  56  of  iron  and  24  of  oxygen.     Of  these  24  parts  of  oxygen, 

vj^  so  feebly  held  by  the  iron  that,  4|-  parts  of  cmrbon  suffice  for 

ting  this  half  of  the  combined  oxyjjen,  giving  1  Oj  parts  of  cai'- 

ic  acid.     The  remaining  half  of  the  oxygen  is  however,  so  firmly 

lined,  that  it  requires  twice  as  much  carbon,  or  1)  pai'ts,  to  tear  it 

J  from  the  iron,  jiroducing  by  thia  union  21  parts  of  carbonic  oxide. 

icee  figures  it  will  l>e  fierce!  ved  give  ns,  one -third  of  the  cjArbon  as 

iibonic  acid,  and  two-thirds  as  carbonic  oxide,* 

Salnmtiun  of  the  carbctn  with  oxygen,  in  fnmaees  nsing  coke, 

reac-heB  the  limit  just  named,  t>.  one-third  as  carbonic  acid  and 

'V   as  carbonic  oxide,  at  least  such  is  tlie  result  of  my  own 

and  ol>fitTvation.     The  simplest  way  to  sliow  tliis  will  be  by 

loting  the  results  a*-^tually  obtained  in  different  cases  which  have 

a  examined,  assuming  the  air  to  have  been  at  »V2°  F.     There  it 

will  be  seen  that  a  unit  of  coke  gives,  by  its  combustion  with  (»ir 

»t  0**  C*  f  32°  P.),  in  one  case  3,087  calories,  inid  in  another  3,8f;o, 

ibowing  a  dilTerence  of  fully  2h  per  cent/''  due  entirely  ti>  differenceH 

in  the  extent  of  its  oxidation. 

For  this  pur|x>se  Tables  have  been  constnictod,  containing  examples 
of  ft  varied  character  Iwth  as  regards  the  development  of  heat  and  its 
T  r !, *pnation.  In  the  comparison  of  the  two  sides  of  the  acconnt  is 
,  the  number  of  calories  produced  by  the  coke,  modified  by  the 
it  to  which  the  carbon  is  oxidized,  and  by  the  temperature  of  the 
On  the  other  side  is  inserted  the  reipiirements  of  the  fumnt^ 
^iilccted  by  diflerencjes  in  the  ores  and  flux  under  trealment.  as  ^\ill 
explained  in  its  pro{)er  place. 

'  A*  eipUtticid  in  'lUi  praptT  pluco.  See.  V.^  thia  is  not  tho  wny  iit  %vhicli  rodtic- 
I  i*  Aeiiiainy  j>erfomictl  iti  tlit?  1ik*t  fiinince,     Tlie  airbui  i«  corjHidcnxl  iw  (irst 
4y  ci>iniTt4^  int43  cai-lxjiiic  iixide,  mid  when  oiif-tliird  of  jt,  iti  this  tititv  forn»» 
1  Uitn  carbonic  acid  further  action  ceii«e)<,  leaving  two-thirdj*  unchanged* 
dt  i»,  of  cQurM\  t]w  wiim*  in  each  ch^lu  viz,  CO,  -♦-  SCO  it»  which  th<* 
■Ani  tw*o  forniD  of  oxidiition  h  the  Buntc,  but  the  C  in  the  CO,  iit  oldv 
rllult  in  Uie  2  CO. 

tldf  Kxnmiile^  B  tmd  L  ynips  241  find  2^W. 
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The  heat  produced  by  the  actual  combustion  of  the  coke  ic 
necessarily  affected  by  the  amount  of  impurity  it  contains.  This  jb 
very  variable  and  uncertain;  but  as  the  difference  will  not  exceed 
2^  per  cent,  in  any  case,  this  cause  of  disturbance  is  not,  generally 
speaking,  taken  into  the  account. 

(d)  The  quantity  of  heat  which  escapes  unutilized  in  the  gases, — 
This  is  estimated  by  observations  on  their  temperatures;  and  the  com- 
position and  weight  for  a  given  quantity  of  iron  made  being  known, 
it  is  easy  to  calculate  the  amount  of  heat  thus  carried  off.  Care  must 
of  course  be  taken  to  extend  the  observations  over  a  sufficient  period 
of  time  to  secure  an  average  representation  of  the  whole;  because,  as 
has  been  explained  in  Section  IX.,  page  180  et  seq,,  the  temperature 
varies  very  considerably  according  to  circumstances. 

Beyond  any  irregularity  in  the  composition  of  the  coke,  there 
are  many  other  circumstances  which  render  it  impossible  to  claim 
j^rfect  correctness  in  the  estimates  of  the  performance  of  a  blast 
furnace. 

The  ironstone  may  be,  and  occasionally  is,  imperfectly  calcined. 
This  mineral,  as  it  occurs  in  the  Cleveland  hills  contains  about  22  per 
cent,  of  carbonic  acid  or  6  per  cent,  of  carbon.  If  we  assume  65 
imits  of  raw  stone  to  be  consumed  for  each  20  units  of  iron  we  have 
3*9  units  of  carbon  in  this  weight  of  ore.  Supposing  5  per  cent  of 
this  carbon  to  remain  unexpelled  we  may  have  '19  of  a  unit  of  this 
element  derived  from  this  source  instead  of  being  contributed  by  the 
coke.  The  retention  of  this  carbon  as  carbonic  acid  would,  were  it 
combined  with  the  iron,  mean  that  a  corresponding  quantity  of  the 
metal  remains  in  the  form  of  protoxide,  instead  of  being  peroxidized 
as  happens  in  roasting  the  ore.  The  ore  for  each  20  units  of  pig  irott 
might  therefore  afford  '26  units  less  oxygen  than  is  estimated  for  i^ 
my  calculations. 

The  unexpelled  carbonic  acid  however  may  be  partly  or  possibly 
wholly  retained  by  lime  and  magnesia  which  earths  constitute  aboi^* 
12  per  cent,  of  Cleveland  raw  ironstone.  We  should  then  have  tl^^ 
relation  between  carbon  and  oxygen  as  they  exist  in  the  imperfectly 
«ilcined  ore  disturbed  from  this  cause. 

The  coke  itself  may  contain  oxygen,  generally  in  very  miniil>* 
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^HBbii  but  I  have  recent fy  met  with  a  casc^  iit  which  2\  per  cent. 
^BfilinlMliiiee  was  found  in  ti  '{iiaiitity  fynii^hed  Ijy  a  miliar  in  the 
^nty  of  Dnrham, 

Again  the  air  hbwu  into  the  furnace  is  conatantlj  altering  in  the 
i4aaatitj  of  moisture  it  contains.  Kjimtz  of  Halle  found  over  a  series 
^d  years  that  the  mean  quantity  of  water  io  the  atmoBphcre  at  thafc 
varied  from  61  to  86'2  per  cent,  of  the  quantity  required  for 
iiplete  saturation.  Taking  100  unite  of  air  as  the  conjsumptjon  for 
^ units  of  iron  we  should  have  '3^  units  uf  water  entering  the  funmce 
61  per  cent,  of  what  is  required  for  complete  saturation  and  '48 
lite  of  wnter  were  it  86*2  per  cent.,  or  nearly  one-half  more  of  the 
ruamed  quantity* 

Kow  when  it  Is  i-emembered  that  a  large  Cleveland  furnace  may 
ain  at  one  time  1,000  tons  of  material,  to  smelt  which  about  1,000 
lof  air  is  required  it  is  easy  to  conceive  the  nature  of  the  obstacles 
I  may  prevent  fjerfect  accuracy  in  any  calculation  tbunded  on  the 
itoelf. 
This  difficulty  of  a  con'ect  appreciation  of  the  various  facttn-s  which 
kTe  to  serve  as  a  basis  of  calcolation  makes  us  nircly  able  to  produce 
I  exact  corresp:indence  between  the  quantity  of  heat  estimated  to  have 
produced  and  that  really  required.     In  all  laisea,  the  coke  con- 
appears  to  give  a  little  more  heat  than  is  actually  needed, 
ording  to  the  figures  taken  for  the  rate  of  absoqjtion.     In  the  nine 
nples,  contained    in    the   two    tables,   the   average   discordance 
Aween  the  two  sides  of  the  accomit  is  a  trifle  under  5  per  cent.;  but 
I  each  case  the  weight  lif  coke  itself  has  been  taken  as  the  basis  of 
timipQting  the  consumption  of  fuel  for  the  process. 

The  calculation B  which  follow  a]>p€]*tiou  to  each  function  of  the 
fanmee  its  own  equivalent  of  coke*  together  with  the  heat  in  the 
blast— the  latter  reduced  to  an  equivalent  of  coke,  ao  as  to  give  at  a 
l»ftoe  the  actual  value  ot  the  hot  blast  in  each  case.  These  functions 
«B  divided  into  three  sections,  as  follows: — 

Claas  L— The  elementB  re(iuiringhe<it  w*hicb  depend  upon  the  quan- 
tity of  alag  to  be  melted,  the  weight  of  limestone  i*cquiring 
aiasociatiun,  the  qutintitj  of  water  to  be  evaporated  from  the 
^^eriab,  and  the  dissociation  of  the  moisture  in  the  blast. 

p 
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Class  II. — Those  requirements  of  a  fiimace  which  comprise  i^eductioi 
and  ftision  of  iron,  dissociation  of  carbonic  oxide,  reduction  o 
metalloids  absorbed  by  the  pig,  loss  of  heat  through  walls  o 
fumAce,  and  heat  carried  off  by  tuyere  water  in  the  case  (► 
hot  blast  furnaces. 

Class  III. — Heat  leaving  the  fiimace  in  the  escaping  gases. 

The  first  example.  A,  Table  I.,  represents  an  ideal  case  of  smelting 
Cleveland  stone  with  cold  blast,  the  particulars  of  which  are  sufficiently 
close  to  the  truth  to  enable  any  one  to  compare  the  sources  which  make 
up  the  saving  effected  by  the  use  of  hot  blast. 

In  this  case,  the  mode  of  dividing  the  items  of  heat  appropriation 
is  set  forth  at  length;  but  to  save  space  the  details  are  omitted  except 
in  two  other  examples,  the  elements  being  estimated  accordinii:  to  the 
yield  of  the  minerals  and  the  quantity  of  flux  retjuired. 

The  work  of  the  cold  blast  furnace— one  of  old  construction,  say  of 
6,000  cubic  feet  capacity — is  estimated  on  a  consumption  of  45  cwts. 
of  coke,  requiring  as  much  as  25  cwts.  of  limestone,  with  ironstone  oi 
the  same  richness  as  the  other  examples  of  Cleveland  iron  mentione^J 
in  the  table — say  42  per  cent,  or  47'G  cwts.  of  calcined  stone  per  toi 
of  metal. 

The  three  items  for  this  furnace  are  thus  calculated  J 

Class  I. — Elements  of  heat  absorption: — 

Calorie*. 

Fusion  of  slajJT         36  cwt.  x        650    ...19,800 

Decomposition  of  water  in  blast '16  (H)  x  34,000     ...     5,440'-^ 

Expulsion  of  carbonic  acid  from  minerals  25  (CaCO,)  x       370     ...     9.250 
Decomposition  of  carbonic  acid  in     do.  ...  3(C)  x     3^00    ...     9,600 

Evaporation  of  water  in  coke      116  x        540     ...        62fi 


Forward      44,716 

'  'file  elementH  of  alworptinn  have  l)een  formerly  (Cliem.  Plien.,  ]».  163)  divid 
into  variables,  constants  and  absorption  by  ga-ses.  The  variables  were  snbject  to  gre 
fluctuations  and  are  given  under  Class  I.  The  constants  were  less  liable  to  chair 
but  not  being  absolutely  constant  are  viewed  under  Class  II. 

'  The  large  consumption  of  coke  necessitates  a  gi*eat  increase  in  the  weight  of  o 
reiiuireil  for  its  combustion  as  compared  with  a  furnace  using  hot  blast:  hence  t^ 
excessive  absoii>tion  of  heat  under  this  item. 
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ChflB  n. — ^Elements  of  heat  absorption : — 

Brought  forward 44,716 

IWnction  of  iron 18-6  x  1,780  =- 83,108 

(Wxm  impregnation       -60  x  2,400  -    1,440 

Redaction  of  silicon,  sulphor,  phosphorus  from  acids 4,174 » 

l^uumianon  through  walls,  etc.  8,668 

Fonon  of  pig  iron 20  x      380-    6,600 

Ouried  off  in  tuyere  water  Nil. 

48,980 

Claas  III. — Balance,  regarded  as  carried  off  in  escaping 
gaaes      28,304 

122,000 
The  evolution  of  heat  is  estimated  as  follows: — 

Coke  consumed — 46  units  per  20  of  pig  less  4  of  ash,  &c,  41 

Less  carbon  in  limestone,  carrying  off  an  ecinal  weight  from  coke        ...      3 

Leaving  carbon  as  source  of  heat 38 

Assume  combustion    ...     6-60  as  CO,  x  8,000  =  4-1,000 
32-50  as  CO     X  2,400  =  78,000 


38-00  122.000  =  2,711  calories  per 

^=^  =       unit  of  coke  burnt. 


Particulars  of  heat  absorbed  in  a  large  Cleveland  furnace  blown 
with  hot  blast  D,  Table  I.  :— 

OlMS  L                                             Class  II.  GlaM  IIL 

Calories.                                           Calories.  Calories. 

Pasionofslag          ...13,475     Reduction  iron     ...33,108  Escaping  gases  7,537 

l^ecomp.H.O  in  blast   2,380    Carb.  imprcg.       ...    1,440  — 

Expulsion  of  CO,     ...    3,471     Reduction  Si.,  S.,  P.   4,174  — 

l^mp.   of  do.       ...    3,684    Transmission        ...    3,658  — 

K>'ap.  H,0  coke       ...       286    Fusion  pig            ...    6,600  — 

Tuyere  water       ..."  1,818 


23,196  50,798  7,537 


'  These  items  vary  considerably,  hence  the  figure  inserted  here  can  only  he 
'^S'utled  as  a  rough  approximation! 
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Table  I.— SicBLTiira  Clbybland  Stoits. 

Height  of  furnace 

Capacity,  cubic  feet 
Weekly  make  per  1,000  c.  ft. 


A. 

B. 

0. 

D. 

E. 

48 

48 

80 

80 

76 

6,000 

6,000 

11,500 

11,500 

20,642 

20 

36} 
28-92 

30 
22-32 

30 

24i 

45 

20-40 

2414 

25 

1600 

13-66 

9-38 

12-61 

3-0 

3-0 

3-0 

3-5 

3-0 

0 

4S5 

485 

563 

888 

496 

452 

332 

262 

329 

Coke  per  ton  of  iron,  cwt«. 
Limestone        do.  do. 

Quality  of  iron,  No. 
Temp,  of  blast,  degrees  C... 
Do.  escaping  gases  do.  C... 
Units  of  C  as  CO  to  1  of 

C  as  CO,  in  escaping 

gases 5-91         4-06         228         252         8-07 

Sources  of  heat,  per  unit  of  coke,  in  centigrade  calories — 
Combustionofcokccalories    2,711       3,087       3,653       3,580       3,2S8 
Contained  in  blast      do.  ...  509  534  574  906 


Total  calories 2,711       3,596 

Less  carried  off  in  gases  ...      629          567 

4,187 
397 

4,154 
369 

4,164 
365 

Useful  equivalent  of  heat...    2,082       3,029       3,790 

Comparison  of  heat  developed  and  heat  absorbed^ 
Heat  evolved  by  fuel,    in- 
cluding heat  in  blast, 
calories            ...           122,000   104,012     93,455 

3,785 

1 

84.772 

3,799 
100,504 

8J 

Do.,  absorbed          ...           122,000   101,120 
Difference        nil.          2,892 

89,712 
3,743 

81,531 
3,241 

89,165 
11,339 

100,504 

8i 

122,000   104,012 

_93,455 

84,772 

M 

Percentage  of  difference  cal- 
culated on  absorption 2-86         4-17         3-97       12-72 

Calories  in  blast     nU.  14,724     11,919     11,724     21,864     11 

Elements  of  absorption  corrected  to  cover  differences  between  two  sid 
the  account — 

Class      L' 44,716  34,884     31,308     24,118     33,324     2^ 

Class    II ..  48,980  52,249     52,916     52,818     57,258     52 

Class  III.,  gases    28,304  16,879       9,231       7,836       9,922       2 

Calories       122,000  104,012     98.455     84,772   100.504    ^ 

Elements  of  absorption  and  heat  in  blast  converted  into  coke^  per  20  t 
of  iron — 

Class      I.,  units     1649  970 

Class    II.      „         1807  14-53 

Class  III.,  gases,  units     ...    1044  4*69 


7-47 

5-80 

8-00 

12-65 

12-72 

13-76 

2-20 

1-88 

2-38 

Total  units  of  coke    ...    45-00       28-92       2232       2040       2414       1 
Heat    in    blast,    equivalent 
value  in  coke  as  burnt 
with  hot  air,  units     ...    nil.  4*09         2*8 1         2*82         5*25 


8am  of  coke  and  equivalent 

of  blast  reckoned  as  coke   45-00       3301       2516       2322       29-39    ^ 

Foot  notes  vide  p.  245. 
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It  may  be  here  remarked,  in  reference  to  the  example  E,  that  the 
fuel  stated  as  having  been  consmned  (24*14  cwts.  per  ton  of  iron) 
seems  to  be  overstated ;  for  it  will  be  perceived  that  there  is  an  nn- 
appropriated  excess  of  11,339  calories.  This  is  7,000  to  8,000  calories 
above  the  difference  exhibited  in  the  other  examples.  This  £Ekct, 
togiether  with  a  compatation  based  upon  the  composition  of  the  gases, 
induces  me  to  think  that  the  consumption  of  coke  is  exaggerated  by 
about  1}  cwts. 


Table  11 — I.    Elements  of  absorption  are  thus  classified : — 


Oa^ories. 
Fnnoaof  ilag  ...  4,240 

Deeomp.  H^O  blast...  2,040 
Expolnoa  of  CO,  ...  2,334 
Decamp,  of  CO,  ...  2,432 
ET»p.H,Ocoke  ...  3,954 
Doc   H.Oore        ...     232 

15.232 


Clan  II. 

ClaMin. 

Calories. 

Calories. 

Reduction  iron 

..  33,464 

Oases...  5,914 

Carb.  impreg. 

..     1,775 

— 

Rednction  SL,  S.,  P.  . 

..     8,200 

— 

Tranamission    ... 

..    3,658 

— 

Fusion  pig 

..     6.600 

— 

Tuyere  water   ... 

..     1,818 
50,515 

~ 

5,914 

'  The  divisions  of  the  calories  absorbed  arc  corrected  by  adding  to  each  head, 
tbe  percentage  of  difference  between  the  heat  calculated  to  be  produced  and  that 
absorbed. 

"  The  estimates  are  obtained  by  adopting  the  calorics  evolved  by  combuBtion  of 
^  coke  as  a  basis  of  computation.  Thus  in  the  case  of  D  4,154  calories  represent 
ti»  Tslue  of  a  unit  of  coke. 


Then  for  Class      I.       we  have 
„        Class    II. 
„        Class  III.,  gases,    „ 


24,118  +  4*154  -    5-80  coke 
52,818  +  4,154  =  12*72 
7,836  +  4,154  =    1-88 


Calories  in  blast 


20-40 
11,724  -s-  4,154  -    2-82 


23-22 


^^^^  ?46                   BBCTION  X. — BQUIVA. 

^^^^                                       Table  IL^Si 

^            Heiglit  of  furniioe    ,,.        

^H             Cspai' it ji  cubic  feet  ...         

^1               Weekly  make  |>er  1,000  cubic  feet  . . . 

^m              Cake  per  ton  oi  iroiit  cwts 

^M              Limestone         do.        do.     

^H              Qaalitjof  iron,  Ko.  ... 
^H              Temp&mturc  of  blaat.  degrees  C,    ... 
^H              Da*  eftcapiug-  g&«,                 „      C.*«. 
^1              Units  of  C  &B  CO  to  1  of  C  *a  CO^, .. 

^M                     iSoureet  of  hetU  jwv  um(  of  eoke- 

^H             Combustion  of  coko  ...          

^H             Contained  in  bUmt      

^H                    Total  €alono»      ^.« 

^H             Less  carried  off  in  ga-ic^ 

^H              Useful  cqnivalcnt  of  lictit,  calories  ... 

^H                       Heat  developed  and  heat  ahJtorhet 
^H              Heat   developeil   bv   fuel,    including 
^H                      heiit  iu  bln^t,  calories     ... 

^H              Do.,  absorbed,  eidoriea* 
^H                      Difference,     do. 

^f                                     Calories 

^^              Ferceiitage  tff  difference  reckoned  on 
^H                       absorption 
^H               Calories  in  bl&«t 

^H                      Ehme^Hit  of  absorption  ccrrectet 
^H                               the  nceount— 
^H              Claaa      1. 1  Corroct^fl   to  bring  np 
^^H               Class    IL  r  ab?»or]»tion      to     lig^^t^ 
^1             QasB  IlL  (  with  c^jke  nllogod  to  be  [ 
^B               in  gases.  J                burnt.                1 

^^^^L                           Calories 

^^^V             Umis  of  coke  co»9umffd  per  20  un 
^V            OmsL 

■            CUmII 

^H             Class  11 L,  in  gases      .. 

^H                     Total  coke           

^H               Heat    in    blast,  ei[nivalent    ^alne    in 
^H                      coke  an  burnt  witb  lint  air 

^^^^^      Horn  of  coke  and  chj  nival  en  t  of  bbuit 
^^^^L             reckoned  ais  coke              

^^^^^V          ^  A  new  element  of  abn^yrjitioii  a[)]>ea 
^^^^^  (Combined  water  in  the  ore  wlueh  U  brov* 
^^^^^    <ndv  amounts  to  2*19  and  232  ealoriesj  refl 

LBNTS  OF  HEAT  EVOLVED 
tnvrntQ  Hematitb* 

G.                     H,                      1. 
57                65                70 
7,630           9.400           9^50 
57*              31                54i 

24-43           22-75           18*38 
6-90             8'25             4-86 
Beiiemer    Forge  4*9    Beeaemer 
401              454              522 
801              477             205 
4-37             313             2*04 

55 

10,300 
38 

ISOO 

8*12 
Forije4 

na 
24a 

2-52 

3,011 
469 

3,337 
463 

3,H0t> 
606 

3,696 
517 

3,532 
671 

3,480 

442 

4,213 
319 

4,208 
283 

3.038 

3.192 
8<;,472 

3,89-i 
77.439 

3,920 

75,665 

75,074 
591 

i.  compared 
85,039 

79,OH9 
5.950 

84,446 
2,026 

71.661 
5,778 

85,039 

86,472 

240 

10,528 

ifferences 

20,284 
52,tJ17 

14,171 

77,439 

8*06 
9,495 

hetweem  ite 

16,401 
54,682 

6.356 

75,665 

7-53 
11,479 
i  tQ  cover  c 

19,860 
53,576 

11,603 

79 
12,061 

9Hd€9of 

19382 
51,198 

5>135 

85,039 

lis  of  iron- 
5-70 
15*40 
3*33 

24-43 

3*.30 

86.472 

534 

13-68 

3-73 

77,439 

3*92 

12-96 

1-60 

75,^5 
4-00 

i2'ia 

1*22 

22-75 
2*77 

18-38 
2*44 

2-88 

27-73 

25*52 

20*82 

letknef 

rx  in  G  and   1,  tliut  due  to  liqtiefi 
11  hematite.     The  h««t  however  a 
pectivclj. 
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*rhe  first  point  to  which  I  would  direct  attention,  h  the  ciiu^s 
fhich  apj)enr  to  affect  the  oxidation  of  the  carbon  of  the  coke.  As 
dy  explained  in  a  previous  section,  time  is  required  for  this  function, 
I  where  the  furnace  is  of  insufficient  capacity  and  height  it  is  more 
.  imperfectly  performed.  Thus  in  the  cafic  of  B,  a  fiinmoe  of 
I  cubic  feet,  out  of  5*00  units  of  carbon  only  1  (=19*74  per  cent,) 
\  convert^  into  carbonic  acid :  wbtM-cas  with  C  of  a  furnace  of  1  l,5oO 
feet,  the  carbon  as  carbonic  acid  amounts  to  JJO'48  per  cent,  of 
he  whole,  />.  1  unit  oat  i«f  3'28» 

Although  I  have  occiiaionally  met  with  a  little  higher  oxidation 

ban  that  set  forth  in  the  last  named  instance,  when  smelting  Cleveland 

one,  yet  the  Tables  themselves — as  well  os  many  other  analyses, 

sides  those  uj)on  which  tlie  Tables  have  been  exjustructed — justi  ty 

belief  that  in  a  furnace  of  1 1 ,500  cubic  foet  this  oj>eratioii  is  carried 

nearly  its  atm<jflt  practical  limit,  at  least  when  gvej  iroji  is  the  object 

^  the  smelter.     In  no  ease  ha\'e  I  found  3S  [ler  cent,  of  enrboii  in  the 

^ghest  Btate  of  oxidation.     In  tuie  of  the  Feriyhill  furnaces,  103  feet 

figh,  and  containing  :33,iiOO  cnbic  teet,  it  only  amounted  to  25^1 8  per 

(It, ;  and  in  the  example  F  in  Table  L,  which  is  a  record  of  a  W  feet 

umaoe  at  Orraesby,  containing  3/),niG  uuhic  feet,  the  |iroportloii  is 

HS  per  cent. 

The  same  Ormcsby  funiaee  however  nfiForded  at  anothei'  time  one 

the  licst  examples  1  have  met  with,  viz,  81-94  per  cent.,  but  this  was 

irhen  using  blast  of  88^  C.  {lh(f  F.)  lower  temperature  than  that 

ntioned  in  example  F, 

have  maintained,  on  many  oc^jasioiis,  that  within  certain  limits. 

Sty  of  furnace  and  tem]>erature  of  the  blast  are  convertible  terms, 

>  same  advantogeB  Ix^ing  derived  from  an  increaae  in  either* 

T!ic  advantage  «d'  space  is  exemplified  in  (1  and  I,  both  smelting 

:same  haematite  ore  in  South  Wales.     Here  (i  is  only  20  per  cent. 

nialler  than  I  yet  27  per  cent,  less  c-oke  is  re(|uired  for  the  same 

^nantity  of  pig  iron  in  the  larger  fnnmce  than  in  the  smaller.    The 

^ulfc  is  that  we  have  a  lai*ger  percentage  of  the  mrlwu  us  carbonic 

*'itl  to  I  than  in  G,  and  the  gases  are  much  better  cooled  in  the  former, 

Next  in  importimoc  to  a  high  state  of  oxidation  of  the  carbon  in 

*  gases,  oomefl  the  avoiding  of  waste  of  the  heat  so  obtained, 

^fuctically,  supposing  the  furnace  to  be  in  goi»d  working  order,  the 
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escaping  gases  are  the  only  source  of  loss  which  need  occupy  onr  atten- 
tion in  this  respect.  The  same  observations,  made  with  regard  to 
oxidation  of  carbon  in  small  and  large  furnaces,  hold  good  in  respect 
to  the  item  just  mentioned.  In  the  former,  the  larger  volome  of  gas^ 
consequent  upon  the  greater  consumption  of  coke,  has  not  the  time 
afforded  it  for  parting  with  its  heat  to  the  descending  train  of  cold 
material  introduced  at  the  top.  In  consequence  the  gases  escape  at  a 
higher  temperature:  besides  which  they  are  much  greater  in  point  of 
quantity.  These  two  circumstances  combined  give  rise  to  a  loss  of 
about  16  per  cent,  of  all  the  heat  evolved  in  a  furnace  of  6,000  cabic 
feet  (B  Table  I.),  as  against  9*9  and  9*2  per  cent,  respectively,  from 
those  of  11,500  cubic  feet  (C  and  D  Table  I.) 

An  example  of  high  temperature  of  blast  producing  the  same  effect 
as  increased  capacity  is  afforded  in  two  examples  in  Table  II.  Fnmaoe 
K,  only  10  per  cent,  larger  than  H,  (both  being  of  moderate  size),  but 
blown  with  air  at  718°  C.  against  454°  C.  in  H,  loses  only  6*78  per 
cent,  of  its  heat  in  the  gases,  against  16*75  per  cent,  in  the  furnace 
H  (Table  II.) 

I  have  to  remark,  in  reference  to  the  quantity  of  heat  carried  away 
in  the  escaping  gases,  that  my  own  observations  on  furnaces  at  the 
Clarence  works,  ranging  from  11,500  to  25,500  cubic  feet,  have  induced 
me  to  consider  that  no  material  diminution  of  the  loss,  arising  from 
this  cause,  accompanied  any  increase  of  capacity  after  that  of  the 
11,500  cubic  feet;  the  height  in  each  case  being  80  feet.  This  opinion 
was  confirmed  by  an  examination  of  a  frunace  of  a  much  larger 
capacity,  having  a  height  of  103  feet. 

In  example  D,  Table  I.,  out  of  4,154  calories,  the  loss  by  the 
escaping  gases  amounted  to  369  calories,  equal  to  8-88  per  cent.  The 
more  recent  performance  of  an  Ormesby  frunace,  90  feet  high  with  a 
capacity  of  about  85,000  cubic  feet,  as  given  under  P  in  Table  I^ 
shows  the  heat  in  the  escaping  gases  to  be  only  189  calories  out  of 
4,344,  equal  therefore  to  4*85  per  cent.* 

•  The  temperatures  of  the  escaping  gases  are  given  as  observed.  These  however 
include  the  heat  brought  in  by  hot  ironstone,  which,  from  a  series  of  obeervatioot 
was  equal  to  about  2,000  to  2,400  calories  per  20  units  of  iron.  This  in  a  foroaoe 
producing  130  to  140  cwts.  of  gas  for  this  quantity  metal  would  be  equivalent  to 
64  to  6CrC,  which  ought  therefore  to  be  deducted  from  the  temperatores  ginm  t» 
obtain.  In  the  computation  of  the  heat  carried  away  in  the  gasea  an  allowanoe  t* 
made  for  that  considered  as  brought  in  by  the  hot  ironstone. 


r. 
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I  am  not  quite  sure  that  a  part  of  this  liist  mentioued  difference 
mj  not  be  due  to  differences  in  the  temperature  of  the  ironstone, 
ffhetber  this  be  so  or  not,  it  must  be  remembered  that  the  Ormesby 
nace  was  driTing  w  slowly,  thut  its  rateiible  prodot^  was  unly 
*  that  of  the  fumttcea  to  which  my  observations  applied. 
TIjc  general  tenor  of  these  remarks  on  this  large  fumat'e  at  Ormesby 
admiti  inconsiBtent  with  ray  belief,  that  raising  the  heic[ht  or 
the  capacity  of  a  furnace,  only  raised  the  zone  where  heat, 
erated  by  reduction,  was  produced.  The  difference  however  in  the 
rttults,  between  one  furnace  and  iiuother  of  three  times  the  size,  is  not 
»  inrge  one — only  4*7  per  cent,  reckoned  on  the  t<jtal  beat^ — ^so  that 
Ihe  censes  juat  alluded  to  may  ^^^artly  account  for  its  occuri^nce, 

I,  I  now  come  to  the  much  debated  question  <»f  the  lalue  *>f  successive 
Ktions  to  the  temperature  of  the  blast;  and  fur  greater  clearness  it 
I  be  a£smned,  in  each  case,  that  we  are  dealing  with  fnmaces  of 
ih  dimensions  that  the  carbon  docs  not  exhibit  any  striking  difference, 
jxrint  of  oxidation. 

Unfortunately,  I  do  not  pusaess  any  djita  from  which  1  can  compile 
tht  performance  of  a  cold  blast  fnrnace  having  a  capacity  of  ll,50t^ 
bic  feet  or  more.    I  would  however  recall  the  fact,  mentioned  page  85, 
|u  enlarged  cold  blast  furnace  producing  iron  with  the  same  weight 
del  per  ton  as  a  smaller  funiace  of  the  old  type,  blown  with  hot  air. 
^wiil  therefore  assume  the  performance  in  respect  to  coke,  of  a 
i  such  as  C  in  Table  I.  (11,500  cubic  feet  J,  if  blown  with  air  at 
|C,,  to  resemble  that  of  the  small  furnace  B  {CtfinQ  cubic  feet), 
1 1,,  when  blown  with  air  at  4h5°  C— say  28'Lt2  cwts.  of  coke  per 
I  of  iron. 


m 


ofth«  «ff^t  on  coh^umptioH,  of  coke  htf  raiting  the  temperature  of  the 
blatlfrom  QP  to  819°  C. 


^tD&llfi)ritACti*ftoke  for  20  units  of  iron,  i      0 


I  £eei  liigitt  6.000  cable  f eot 

p  ftmijicc,  fc»kc  for  20  uiiitfi  of  iron, 
*fe«sl  lii^'b,  11,500  cubic  feet 

B  furtttM^,  ook«  for  20  iiiiit»«  iif  iron, 
^ it»K  hi(fh,  35,016  cubie  fnl 


Temptwtttre.ci.^1, 


16-4d 

9*70 
970 
747 


485 

0 

485 

563 


{8I& 


0-78 


Ckis  II. 
18-07 
li'53 
H53 
12fi5 
1 2-72 

120:1 


Cliim  III.      TuUJ 
Umca.    Uuita  Coke, 


io-4i 

4*60 
4-69 
2*20 

\m 

*88 


4500 
38-92 
28-92 
2232 
20'iO 

19*t» 
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In  all  these  cases,  where  heated  air  is  used,  the  data  are  taken  from 
actual  experience  in  smelting  Cleveland  stone.  In  those  of  cold  blast 
the  estimate  is  also  founded  on  using  the  same  quality  of  ore. 

From  these  numbers  the  saving  of  coke,  at  each  increment  of 
temperature  in  the  blast,  ai>i>ear8  to  be  as  follows: — * 

ClauL  CImbU.  CUbsIU.  ToteL 
CwU.         Cwto.        ^JgJ-  Cwti. 

Small  furnaces,  blast  raised  from 

0°  to  485°  C.  (32°  to  905°  F.)  ...  679  3*54  6*76  16-08 
Large  furnaces,  raising  blast  from 

0°  to  486°  (32°  to  905*^  F.)  ...        2-23        1-88        2*40  6-60 

Large  furnaces,  raising  blast  from 

485°  to  563°  (905°  to  1,046°  F.)...         167       —-07  '32  1-92 

Large  furnaces,  nusing  blast  from 

563°  to819°  (1,045°  to  1,506°  F.)...       —-98  69        1*00  71 

These  figures  are  not  given  under  the  idea  that  they  accurately 
set  forth  the  saving  of  coke  due  to  the  different  additions  to  the  tern- 
perature  of  the  blast.  To  do  this  it  would  be  necessary  that  the  fdmaces 
in  all  respects  were  working  under  precisely  the  same  conditions.  AD 
the  figures  are  meant  to  convey  is  that  the  saving,  large  as  it  is  with 
the  first  additions  of  heat  in  the  blast,  falls  off  afterwards  very  rapidly 
in  its  amount. 

It  will  be  noted  that  the  siiving  in  coke  is  by  for  the  largest  at  the 
first  raising  of  the  temperature  of  the  blast.  This,  it  is  almost  needless 
to  remark,  does  not  arise  from' any  difference  in  the  value  of  a  given 
amount  of  heat  contained  in  air  between  0°  C.  and  400°  C,  and  tiie 
same  amount  contained  in  air  between  400°  C.  and  800°  C,  or  any 
other  numbers.  The  real  cause  is  due,  partly  to  differences  in  the 
ijuantity  of  work  to  be  performed,  and  partly  to  a  difference  in  the 
nature  of  the  combustion  of  the  fuel,  the  heat  from  which  has  to  be 
replaced  by  heat  contained  in  the  blast. 

As  regards  the  relative  quantity  of  work  to  be  performed,  we  have 
only  to  inspect  the  Tables  already  given,  to  perceive,  that  out  of  122,000 
calories,  in  the  case  of  A,  78,020  are  accounted  for  under  the  heads  of 
Claas  L,  and  Class  III.  or  in  escaping  gases.  This  large  expenditure  of 
heat,  as  has  been  already  mentioned,  is  due  to  the  excessive  quanti^of 
flux  required,  and  to  the  large  volume  of  highly  heated  gases  which 
'  Minu»  sign  means  increase. 
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apt'.     With  hot  biaRt  haTin^^  u  temiieratiire  of  4h$"  C,  in  a  fiirnatje 

the  same  miie  (B,  Table  L — t5,U00  cubic  feet),  the  absorption  from 

iwu  canaea  hm  fdlen  Lu  r>l,7t]ii  r^alories.     Aft-er  this,  nbsorptioii 

er  Clttfift  I.  and  escaping  gase^  instciid  of  tailing  pruportionatcljr 

I  fwrther  increment  in  the  tem|)erature  »)f  the  blaist,  only  ahowg  a 

I  above  half  the  saving  affected  by  the  (irst  ad^litionjiJ  htmt  com- 

Eiicated  to  the  air*     Tims  between  0^  and  480",  the  absoqiiion  under 

two  heads  was  reduced,  in  snitdl  liirnaces  (A  and  B  0,000  cabic 

%)  by  2U8r)7  calories,  whereas  between  486*^  C.  and  810*^  0.,  in 

furnaces  ( C  and  F),  the  difference  was  ascertained  to  be  under 

^cjaforiea.     Thus  while  each  degree  (Centigrade)  in  the  blast  has 

48  calories  in  the  fii'st  case  the  saving  in  the  second  only  auiountfi 

)  22  cxdories  per  degitje  of  tenipemture* 

The  economy  obsened  in  the  escaping  gaees  in  L\  D,  E  and  F  is, 

I  lomc  extent,  due  to  the  reduced  quantity  of  coke  burnt,  giving  a 

3immi«hed  volume  of  gajses  leaving  the  furnace;  but  it  is  also  due,  in 

•Mme  degree,   to  their  reduced  temjxsraLure,  arising   from  enlarged 

,  capacity  of  the  structure. 

The  maimer  in  which  the  nature  ol"  the  combustion,  «>.  the  degi-ee  of 
ation  of  the  carbon,  affects  the  amount  uf  ecouotny  of  iucl  has  been 
Sy  sufficiently  explained  tu  need  much  llirtber  nutice, 
Prnctically  the  furnace  gases  may  by  tlieir  combustion  be  regarded 
the  Mrtltnary  means  of  beating  the  bliist.  At  page  143  it  was 
ated  that  out  of  7:f,454  calorics  obtained  in  this  way  there  w^as  a 
I  of  45  |)er  cent:  hence  the  last  1,000  calories  in  the  air  re(|uired 
fte  expenditure  of  1,818  calones  in  the  hot  air  stoves  containing 
UieUl  pipcK,  The  loss  in  lii*e  brick  stoves  is  stated  to  be  only  about 
talf  this  amount,  in  whicli  case  an  expenditure  of  something  like  l^SoO 
<'alories  will  afford  1 ,000  calories  in  the  air. 

These  figures,  obviously  have  no  reference  tu  the  money  economy 
attending  the  use  of  hot  air;  because  the  coal,  and  latterly  the  escaping 
gue8»  recjuired  to  heat  the  blast,  were  of  little,  indeed  in  some  cases  of 
ao,  value. 

U  is.  in  our  present  state  of  knowledge,  a  very  easy  matter  to 
calculate,  with  a  fair  approacli  to  correctness,  the  quantity  of  coke 
lulred  to  produce  a  given  number  of  calories,  when  burnt  with  air 
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at  a  given  temperature.  Let  us  select  the  most  favourable  case  in  the 
Table  for  the  purpose  of  illustration:  viz.  D,  where  84,772  caloriet 
suflSced  to  produce  20  units  of  pig  iron. 

For  the  purpose  of  calculation,  it  is  indispensable  that  we  should 
know  before-hand,  what  proportion  of  the  carbon  in  the  gases  is  found 
in  the  &rm  of  carbonic  acid.  If  we  take  it  at  2*10  as  CO  to  1  as  (XV 
the  heat  evolved  will  be: — 

210  X  2.400  +  1  y  8,000        .._    ,       ^.  .    t      -         .^  •«», 
57i7r —  —  4,206,  less  7*  per  cent,  for  imparity  —  9JB01 

calories  per  unit  of  coke. 

To  obtain  the  heat  required  in  the  blast,  when  using  different 
weights  of  coke,  the  following  figures  are  given: — 

Calories.  Calories.  .    Oakviss. 

18  units  of  coke  x  3391  -  70,038,  leaving  for  blast  14,784  -  84,772 
17  „  X  3,891  -  66,147,        „  „       18,625  -  84,772 

16  „  X  3,891  -  62,266,        „  „       22.516  -  84,772 

Now  to  bum  these  respective  quantities  of  coke,  supposing  9*8^ 

units  of  limestone  to  be  used,  as  was  done  in  the  case  of  1),  we  should 

require  as  under: — 

•c.  •F. 

Forl8unit8of  coke,  78,91  units  of  air  liavingu  temperature  of  ^  788  —  1,450 
„    17  „  7137  ,.  „  1,095  -  2^008 

„    16  „  65,80  „  „  1,465  -  2,661 

Judging  by  past  experience,  with  brick  stoves  provided  for  super-^ 
heating  the  air,  the  first  of  the  three  examples  alone  can  enter  into  oar 
calculation;  for  it  would,  I  apprehend,  be  practically  impossible  to 
heat  the  blast  continuously  to  1,095°  C. 

In  such  a  calculation,  all  depends  on  the  possibiUty  of  maintaining 
the  carbon  at  the  degree  of  oxidation  supposed,  i,e,  1  out  of  eveij 
3*1  units,  equal  to  32*26  per  cent,  as  carbonic  acid;  which  in  my 
experience,  is  quite  exceptional  at  all  events  in  Aimaces  using  coke. 

We  are  thus,  after  all,  constrained  to  consider  what  has  been 
effected  in  practice.  Now  at  the  Ormesby  Aimaces,  certain  d^aik  of 
which  are  given  at  page  108  of  this  work,  19*69  cwts.  of  coke  wis 
named  in  1881,  as  the  then  rate  of  consumption  in  a  ftimace  of  85,01(^ 
cubic  feet,  driven  with  air  ranging  from  786°  to  819°  C.    In  18W 
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h  httcl  not  only  been  maintained,  but  Mr.  Cochrane,  the  senifn* 
-^~rr  in  the  concern,  mentioned  iit  the  meeting  of  the  Institntion  <>f 
aical  Engineers  in  Leeils  that  the  ct)ke  had  been  reduced  to 
70»  which  the  above  calculation  sbowfl  to  be  pmHhh} 

on©  can  dispute  the  propoHition,  that  each  addition  to  the 
contained  in  the  blast,  must  place  at  the  disposal  of  the  smelter 
1  corresponding  increase  of  heat.  Failure  to  render  this  heat  avail- 
may  however  arise  from  an  undue  quantity  l>eing  carried  away 
of  the  throat  of  the  furnace  in  the  gases  or  from  the  carbon,  by  its 
anaparatiTe  imperfect  oxidation,  not  aSbrding  the  heat  it  is  capable  i)f 
iiteloping. 

At  page  112  of  this  work,  in  the  absence  of  any  information  as  to 
tk  intenor  condition  of  one  of  the  Onuesby  ftirnaces  (E,  Table  L),  I 
koarded  the  opinion  that  possibly  the  very  high  temperature  of  the 
blast,  by  elevating  the  temperature  of  tlie  reducing  zone  of  the  furnace, 
niiijr»d  ciirbonic  acid  to  act  on  carbon,  and  thus  Ui  be  luwerefl  to  the 
o-ndition  of  carbonic  oxide.  Mr,  Cochrane,  in  his  paper,  mentions  the 
-discovery  of  er^afibldings  in  the  furnace  in  question;  which  no  doubt 
r  -'^  T  •  luce  the  same  effect  as  that  just  named,  although  in  a  some- 
^,  rent  way,  viz.,  by  allowiug  part  of  the  redticiug  gas  to  escape 

hthn  it  had  taken  up  the  f\\\\  equivalent  of  oxygen  it  is  capable  of 
(Kpamiing  from  the  ore. 

The  figures  ah*eady  given  indicate  quite  clearly  the  deficiency  of 
cvbonic  acid;  and  whatever  may  be  the  immediate  cause  of  this,  the 
practical  reanlt  is  the  same,  viz.,  a  waste  of  fuel,  dne  to  its  imperfect 
oxidation. 

If  Mr.  Cochrane's  hypothesis  be  the  correct  one,  it  follows,  either 
that  the  particular  shape  of  these  furnaces,  or  the  fact  of  their  being 
with  superheated  air,  has  rendered  the  formation  of  acafiblds  an 
of  a  very  persistent  kind.    This  is  inlerrtd  fryui  t!)e  fact  tliat  in 
Cochrane*8  communications  respecting  their  performance,  extend- 
over  10  or  \'2  years,  furnaces  of  2(>,lU:2  cubic  f^'et  never  appear 
have  done  as  well  as  many  other  furnttces,  eveji  ui  much  smaller 
iemiuus  and  blown  with  air  at  only  500*^  C.  (93i°  F.) 

['  litntift  be  r«ineuibered  however  that  tlio  [>ro<luoe,  per  1,000  ctjbjc  foot  of  fnmioe 
« tniA  onlv  half  thut  of  the  jsfetienil  nut  of  furniR'ci)  nmking  Clcvduiitl  imn* 
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One  example  of  the  co-efficient  of  usefiQ  heat  at  a  fdmace*  of 
feet  has  ahready  been  given  at  F  in  Table  I.  Observations  of  the  sa 
fomace  on  another  occasion  gave  a  somewhat  superior  figure,  althou 
the  temperature  of  the  blast  was  somewhat  lower — 736°  C.  instc 
of  819°  C.  The  details  founded  on  an  analysis  made  at  the  Glarei 
Works  were  as  follows,  per  unit  of  fnel  consumed: — 

Calories. 
Heat  due  to  combustion  of  coke        ...     3,637 
Do.  contained  in  blast  755 


4,392 

Less  in  escaping  gases Ill 


4,281  calories  per  unit  of  coke. 


In  this  case,  however,  I  suspect  that  the  temperature .  of  t! 
escaping  gases  was  not  a  correct  average;  for  notwithstanding  that  tl 
total  heat  produced  was  superior  to  the  example  given  in  the  table- 
4,892  instead  of  4,844 — the  consumption  of  coke  per  ton  of  iron  w 
more,  viz.,  20-08  cwts.  instead  of  1969,  as  shown  by  the  chargin 
book  account. 

In  both  cases  the  results  in  point  of  consumption  of  fuel  may  1 
regarded  as  satisfiwstory;  but  there  is  the  inconvenience,  abeai 
alluded  to,  qtiantum  valeat,  of  the  make  being  only  half  that  of  tl 
furnaces  with  which  it  has  been  compared.  This,  however,  is  perha 
not  a  serious  matter,  as  Mr.  Cochrane  justly  observed  in  the  discussion  < 
his  paper  at  Leeds;  for  any  such  loss  amounts  to  little  more  than  ti 
interest  on  the  extra  cost  of  the  furnace  itself.  Supposing  tl 
additional  outlay  to  involve  £800  a  year  for  this  item,  the  saving 
1  cwt.  of  coke  per  ton  of  iron  on  80,000  tons  per  annum  would,  if 
can  be  maintained,  far  more  than  cover  it. 

We  must  not  however  lose  sight  of  the  danger  of  attaching  t< 
much  importance  to  the  performance  of  a  few  individual  cases. 
have  given  20*4  cwts.  as  the  consumption  of  coke  in  a  furnace  of  11^ 
cubic  feet,  blown  with  air  at  578°  C.  This  is  one  of  those  at  Claren 
(D,  Table  I.);  but  22  cwts.  or  even  more  is  nearer  the  average  oo 
sumption  of  the  entire  establishment.  Again,  I  have  quoted,  the  cs 
of  a  hematite  furnace  of  9,950  cubic  feet,  blown  with  air  at  522® 
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^Tiiblc  n*)  and  making  Beaflemer  pig  with  as  little  as  18*3H  cwte.  of 
fce;  bat  every  one  knows  perfectly  well  that  2(^  to  21  cwta.  is  nearer 
4Ter»^  ootiRumption  of  furnaces  prtxindng  this  rjuality  of  metal 
hematite  ore«i  eTen  in  furnaceit  uf  like  dimensious  to  that  in 

ftfler  all  we  have  to  deal  with  is  actaal  experience,  aoquu^^d 

Ifnmaocs  generally.     Ciuided  by  thi8»  my  belief  is  that  up  to  this 

the  application  of  superheated  air  to  fiiraaces  under  l'5,000  cubic 

,  all  events,  has  not  been  attended  with  aiiy  very  marked  economy 

?,  when  smelting  the  usual  run  of  clay  ironstones. 

As  has  been  already  remarked,  when  viewed  as  a  mere  question  of 

development,  each  calorie  delivered  along  witli  the  blast,  into  a 

nace^  i»  whtch  th  Imrstone^  and  the  foMs  in  the  escaping  f/ases^  hare 

THiiitid  to  their  hwest  tjuanHtiei*,  ought  nnquestionably.  other 

t^es  being  the  same,  to  save  one  calorie  previously  supph'ed 

L     Parenthetically  it  may  lie  observed  that  stress  is  here 

on  these  two  items;  because,  as  ml\  be  seen  on  reference  to  the 

I  ooataiued  in  the  present  section,  the  use  »>f  hot  blast  in  small 

led  to  a  considerable  dimiuntion  in  b<»tlL     In  such  a  case 

I  chAUges  were  regarded  as  having  resulted  in  a  better  oxidation  of 

'  tb  gaaes,  and  having  conse(|uently  raised  the  heating  power  derived 

hm  the  combustion  of  the  carbon  from  2,711  to  3,087  cjilories.     At 

une  time  Ui4,Ul2  calories  in  the  furaace  were  enabled  to  do  tlic 

of  122,0(10.^     These  104,012  calories  consisted  of  8t»,288  fm- 

by  the  fuel,  and  14,724  contributed  by  the  blast.     We  thus 

in  the  case  of  cold  blast,  a  requirement  of  122,000  calories,  U* 

prodnction  of  which  the  more  expensive  fuel  consumed  in  the 

loe  iteelf  wafi  flevoted.     On  the  other  hand,  out  of  the  104,012 

ones  developed  in  the  hot  blast  furnace,  Ri»,288  only  were  due  to 

coke  and  14,724  to  the  blast.     By  this  account  it  apix^ars  that 

1,712  calories  obtained  by  burning  coke — the  difference   between 

2J0O0  and  89,288 — ^have  been  replaced  by  the  application  of  14,724 

kiries  ci>ntaiiied  in  the  blast;  so  that  by  means  of  an  alteration  in  the 

rorjuirod  for  the  elements  of  absorption  under  Class  L,  by  the 

OXtdatJMD  of  the  carbon,  and  by  ihr  reduced  loss  at  tendinis 

•  ViiU  TiiUc  I..  A  and  B. 
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the  diminished  volume  and  temperature  of  the  escaping  gases,  a  savfoj 
of  (32,7  J52  —  14,724)  =  1«,008  calories  has  been  eflfected.  In  this  wa] 
«ach  calorie  in  the  blast  has  been  enabled  to  render  the  same  servia 
AS  2*22  calories  contributed  by  the  coke  which  it  has  displaced. 

Returning  to  the  question  before  us,  anterior  to  this  short  diversioii^ 
it  would  appear,  so  far  as  I  have  been  able  to  learn,  that  the  experienoe 
of  Bessemer-iron  makers  corresponds  with  what  has  been  laid  down,  tf 
being  that  of  smelters  of  Cleveland  and  other  clay  ironstones. 

Soon  after  the  meeting  at  Leeds  above  referred  to,  I  visited  some 
of  the  principal  works  engaged  in  smelting  hematite  ores  for  sted 
making,  on  the  West  Coast  of  England.  At  the  inmaces  there  thqr 
were  all  using  pretty  much  the  same  quality  of  ore,  and  the  same 
quantity  of  limestone,  and  all  were  producing  nearly  the  same  descrip- 
tion of  iron  for  Bessemer  steel.  From  the  experience  supplied  by  the 
performance  of  furnaces  having  a  height  of  70  feet,  it  appears  that  the 
results  as  to  consumption  were  practically  the  same  with  the  two  kindi 
of  hot  air  apparatus,  viz.,  pipe  stoves  and  fire  brick  stoves.  With  the 
blast  heated  in  metal  pipes,  the  coke  used  was  20*48  cwts.,  agaiost 
2086  cwts.  for  fire-brick  stoves.  It  has  to  be  observed,  however, that 
the  diflference  between  the  temperature  of  the  blast  was  only  given  at 
about  130°  F.  in  favour  of  the  brick  stoves;  and  also  that  the  make  was 
higher — in  one  case  by  16  per  cent. — fi"om  furnaces  using  fire-brid^ 
«toves  and  blast  at  the  higher  temperature  than  from  those  using  pipe 
stoves,  and  air  at  about  1,000°  F.  This,  it  need  hardly  be  said,  is  of 
itself  an  important  advantage  on  the  side  of  the  fire-brick  stoves. 

With  regard  to  the  small  difference  between  the  temperature  of  air 
received  from  the  two  kinds  of  stoves,  as  observed  on  these  particolar 
furnaces,  I  have  been  informed  that  fire-brick  stoves  are  apt  to  M  back 
after  some  years  use,  in  the  temperature  at  which  they  deliver  the  air. 
Whether  this  arises  from  the  difficulty  of  removing  the  coating  deposited 
by  the  furnace  gases  used  as  fuel,  or  from  a  want  of  care  in  working  I 
am  unable  to  say.  The  metal  pipes  in  hot  air  stoves,  of  the  old  kind, 
are  liable  to  the  same  inconvenience;  but,  as  they  are  more  accessible, 
and  do  not  present  above  one-fourth  the  surface  to  be  cleaned,  it  is  one 
of  much  less  magnitude.  I  would  however  point  out,  in  reference  to 
the  performance  of  the  furnaces  in  question,  that  the  saving  in  coke  doei 
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ite  correspond  with  even  the  small  difference  in  the  tempemtureB 
bliisty  viz,,  ISO*^  F,;  the  saving  being  still  something  below  what 
it  to  bo. 

[le  weight  of  blast  per  20  units  of  pig  would  be  about  88  units 
heated  t43  130^  F.  (72^  C.)  ought  to  give  88  units  x  -237  (sp. 
X  72°  C-  =  1,408  calories.  This  uuujlx%  taking  4,000  calories 
be  heat  evolved  per  unit  of  coke,  will  represent  J^g§  ==  '376  cwts.; 
the  saving  only  appeared  to  be  '07  cwts. 
I  pair  of  fumat^s  on  the  East  Coast  of  England,  also  making 
aer  iron,  from  Spanish  ore,  the  average  consumption  of  coke  i» 
.  20"5  cwts.  Their  dimensions  are  60  feet  high,  with  a  capacity 
,650  cubic  feet.  They  arc  supplied  with  bhist  heated  in  firebrick 
to  1,150°  F.( 621^  C.) 
The  necessity  of  caution  in  forming  any  opinion  on  the  matters 
er  consideration*  save  that  acquired  by  actual  experience,  is  con* 
ed  l>y  the  information  T  have  received  from  friends  in  South 


be  duty  of  Example  I.,  Table  IL,  is  that  of  a  furnace  making  a 
oportion  of  Bessemer  iron  in  the  Principality.    It  is  70  feet  high, 
I  a  capacity  of  9,550  cubic  feet,  and  its  consumption  is  given  at 
cwts.  of  coke  per  ton  of  iron,  blown  with  air  heated  in  metal 
to  S>72°  F.  (522^  C.) 
Lt  a  recent  meeting  of  the  South  Wales  Engineers,  Mr.  E.  P.  Martin, 
f  of  Dowlais  and  until  recently  of  Blaeuavon,  gave  the  consumption 
t)ke  at  No,  9  furnace,  using  fire-brick  stoves,  at  tbe  latter  place  at 
B9  cwts.     I  learn  from  another  source  that  the  temperature  of  the 
.  is  1,600^  F-  ^871°  C-),  and  that  the  consumption  of  coke  is  now 
[than  the  figure  named  by  Mr.  Martin.     The  ores  in  use  are  pretty 
rly  the  same  in  each  case  at  the  two  works  (I,  Table  IL  and 
Bbenavon;;  and  assuming  the  quantity  of  coke  consumed  also  to  be 

time,  we  have  merely  to  consider  the  diJTerence  in  the  quantity  of 
in  the  blast  at  the  temperatures  ofeacli. 

The  diflerence  amounts  to  349'-'  C,  and  talking  the  weight  of  air 
1  at  77  units  per  20  of  iron  we  have: — 

77  blast  «  '2^7  (*p.  beat)  x  340*  C.  -  6.369  calorica. 
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Now  the  net  equivalent  of  the  fuel  in  the  case  of  I, 
was  3,894  calories  per  unit  of  coke ;  so  that  accord ia 
calciilatioD,  the  work  performed  by  the  fomace  using  si] 
air  represents  a  loss  in  heat,  as  compared  with  example 
metal  pipe  stoves,  equal  to  C,St)9  -r-  3,894  =  1'63  ewts,  o! 
too  of  iron. 

This  must  be  due  to  the  lei^  perfect  oxidation  of  fuel;  bi 
this  is  owing  to  the  difference  in  height — the  furnace  I  beii 
and  that  at  Blajnavon  60  feet^-or  some  other  cause,  I  am 
say.     In  the  matter  of  capacity  the  Blaenavon  furnace,  h 
the  larger  of  the  two. 

From  another  work  in  South  Wales  I  am  informed  tl 
1,500°  does  its  work  with  10  per  cent,  leas  fuel  than  air  at 
fumacce  of  the  same  size.     The  difference  here  is  500*^  (27! 
the  weight  of  blast  was  about  100  units  per  20  of  iron, 
therefore  :■ — 

100  unit*  x  '237  (sp*  lieat)  x  278^  C.  •=  6,588  calories. 

The  net  useful  effect  of  the  coke  used,  which  is  of  a 
quality,  may  be  taken  at  3,400  calories;  and  ff |J  =  1-9^ 
coke,  which  closely  corresponds  with  the  saving  stated  to  t 
the  use  of  the  more  highly  heated  air, 

A  second  furnace  at  the  same  establishment  is  making 
from  hematite,  chiefly  Spanish,  yielding  56*4  per  cent  m< 
with  a  consiimptjun  of  4'64  cwts.  of  limestone.    The  coke 
2M9  cwts.,  burnt  with  air  at  1,500°  (815°  C),  for  *'; 
average  No.  4.     Having  regard  to  the  richness  of  the  ore  am 
quantity  of  liraestone,  this  is  by  no  means  an  unosfmlly  l( 
consnmption  fL^r  a  furnace  receiving  blast  even  at  only  5(H]Pj 
however,  not  in  a  position  tu  form  an  opinion  as  to 
fiimaces  at  the  work  in  question  have  n  —^—y-^y 
a  height  of  60  feet.    Wliether  tlic  heij 
of  the  fiiel  has  produced  so  ro  icli  1^ 
given  in  I,  Table  IL,  I  am  u 
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Betnms  from  another  work  in  Wales  exhibit  the  following  results 
I  mAkiag  BcssemcT  iron  : — 


Cui>i«  Feet, 


8,593 
10,543 


Cubic  Fed, 

72i 
54f 


Stote*. 

Iron. 
Fire-brick. 


900 
1,300 
1,450 


2167  4.i*55 
20-59  4265 
2011        46-87 


kfemgeotba.nde     9,973  63|  ,,  lp375         20*3S         44*70 

It  will  be  observed  that  the  two  funmccs  using  superheated  air, 
wpplied  by  tire-brick  stoves^  are  conBiderably  larger  than  the  furnace 
Irbere  the  blagt  is  heated  in  pipes.  In  one  case  also  the  ore  smelted  in 
the  furmcr  was  richer.  Taking  the  average  of  the  two  fa  maces,  b  and 
<f  fed  with  superheated  air,  the  saving  of  coke  as  compared  with  a  is 
l'S2  cwt«. ;  so  that  making  allowance  for  the  extra  capacity  of  i»  and  r, 
one  cwt^  of  coke  is  probably  something  like  the  saving  obtained  by 
rai&ing  the  temperature  of  the  air  475*^'  F.  above  that  supplied  to  a. 

It  is  scarcely  necessary  to  pursue  the  subject  at  any  greater  length. 
The  facts  and  figures  clearly  prove  that  there  are  many  disturbing 
causes  which  interfere  greatly  with  the  action  of  blast  furnace  work. 
Theae  render  it  impossible  for  any  one  to  speak  unhesitatingly  on  the 
questions  involved  in  such  comparisons  as  are  contained  in  the  present 
aection,  unJess  he  has  the  means,  under  Ms  own  control,  of  mrefulhj 
<ind  (ondnummhj  studying  the  action  of  the  furnaces  themselves. 

Of  this  I  think  I  may  speak  with  some  confidence,  viz.,  that  the 
question  is  capable  of  being  considered  on  the  plain  and  simple  lines  I 
bve  laid  down,  by  any  one  who  will  give  hioLself  the  trouble  of  pursuing 
it.  Some  misconception,  I  take  it,  has  arisen  from  neglecting  a  proper 
tpprociatioD  of  the  circumstances  of  particular  cases*  Superheated  air 
ii  often  applied  to  furnaces  worn  out  themselves,  and  blown  with  air 
bBufBciently  heated  by  dilapidated  metal  pipe  stoves.  Of  course  the 
chiuige  is  accompanied  by  a  great  economy  of  fuel,  sometimes  stated  to 
fe  five  cwts,  on  the  ton  of  iron. 

The  fact  may  be  accepted  as  perfectly  true;  but  if  it  is  pretended 
^at  this  weight  of  coke  represents  the  diiference  between  the  perform- 
ance of  a  furnace,  in  good  condition  and  carefully  attended  to,  blown 
^ithairat  1,000°;  and  that  of  a  similar  furnace  blown  with  air  at 
IwOO^,  such  an  interpretation  is  a  complete  and  obvious  fallacy. 
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I  would  repeat  that,  in  furnaces  of  sufficient  capacity^  the  oxidati 
of  the  fuel  and  loss  of  heat  in  the  escaping  gases  are  mainly  if  i 
entirely  independent  of  the  temperature  of  the  air.  The  heat  necessa 
for  the  process  is  sufficiently  understood,  so  that  no  diflSculty  need  ari 
in  connection  with  its  correct  estimation.  Admitting  these  i\ 
premises,  it  is,  I  would  submit,  quite  idle  to  imagine  that  the  econon 
resulting  from  the  use  of  superheated  air  can  exceed  in  value  the  c 
efScient  of  coke  when  properly  burnt. 

If  the  combustion  of  the  fuel  is  such  tliat  the  volume  of  carbon 
oxide  is  as  100  to  50  of  carbonic  acid,  the  values  of  two  units  of  col 
containing  10  per  cent,  of  impurity,  when  using  air  at  such  temperature 
that  in  the  one  case  we  have  5G0  calories,  and  in  the  other  860  calorie 
in  the  blast  per  unit  of  coke  burnt,  is  as  follows: — 

Calories  evolved  per  Unit  of  Coke  burnt 
A.  C. 

Combustion  of  coke 3,840        ...         3,840 

Contributed  by  the  blast       560        ...  860 

4,400         ...         4^700 


showing  an  increase  of  heating  power  of  6*82  per  cent,  in  C. 

If  on  the  other  hand  there  are  45  volumes  of  carbonic  acid  per  10 
of  carbonic  oxide  in  the  gases,  we  have: — 


B. 

D. 

Combustion  of  coke 

...       3.722 

3,722 

Contributed  by  the  blast 

560 

860 

4.282         ...         4,582 


or  an  increase  of  heating  power  equal  to  7  per  cent,  in  D. 

The  blast  in  these  two  sets  examples  A  B  and  C  D,  may  be  taken  a 
640°  C.  (1,004°  F.)  and  870°  C.  (1,598°  R),  respectively. 

Beginning  witji  a  consumption  of  21  cwts.,  as  a  starting  point  i 
the  case  of  A,  we  have  the  following  results  per  ton  of  iron : — 


Air  at  540*  C. 
Cwt^ 

Air  at  870"  C. 

Cwta.                     CwtB- 

Carbon  oxidised  as  in  A  ...    21*00 

as  in  C 

.    U.-66— saving  1-34 

Do.                B  ...    21-68       ... 

..     D 

...    20-17—     „      1-41 
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These  figui-es  coDiain  aw  instance  of  the  fuel  in  an  inferior  condition 
cxidation,  having  the  defect  more  than  compensated  for  by  the 
Bperior  anioniit  of  heat  id  tlie  air — see  A  and  D. 
An  obriuOB  cjnestion  will  suggest  itself  to  the  iiimaoe  manager,  in 

naection  with  the  fignres  made  ase  of  in  the  present  section,  viz., 

cir  practit*al  Ixjaring  on  the  tinantity  of  coke  requircd  to  make  a  ton 

1%  iron. 

It  b  clear  that  the  answer  is  dependent  upon  a  great  variety  of 
editions,  the  whole  of  which  most  be  clearly  understood  and  accn- 

dj  stated.    These  conditions  are  comprised  under  two  heads  : — first, 

<|uality  of  the  fnel  and  the  manner  in  which  it  is  bnnit;  and 

mdf  the  amount  of  heat  required  to  produce  the  iron  manulactui-ed 
nay  pai-ticular  furnace. 

For  ora*  present  purpose  it  will  lie  assumed  that  the  plant  is  one 
the  modern  tyix?  now  commonly  used  in  the  Cleveland  disti'ict : 

fuel  employed  is  good  Dm^ham  coke  coutiiiniog  C  per  cent,  of  ash 

i^  per  c*ent.  of  other  foreign  mtitter,  free  from  any  combined 

igfen,  and  burnt  to  two  different  conditions  of  oxidation,  by  air 

two  different  tempcratm*es,  viz,,  485^  C.  and  KOfi^  C.  (905^  and 

2°  R) 

Bliui  havttifj  a  temperature  of  i8B'^  C, — 
tt  Qm>^»  containing  45"15  vols,  CO,  per  100  vols.  CU.*    Calories  from 

i.*4»ki*  .1,831\  calories  in  hl&si  b29.     Heut  t-volved  jht  cwi,  of  coke     4,368 
Qfties  coiitiiifiiug  i7i)'2  volti.  CO,  jier  100  \oh.  CO.*   Calorics  from 
eoltc  3,890,  csidories  in  bk§t  529.     Homt  f?volved  per  cwt.  of  coke    4,419 

BioMi  kaHng  a  temperaimre  of&Xf  C.^ 

6iiM»  (xiTjtainiug  45*45  voU.  CO^  f>L*r  100  vols.  CO.  ^    Calorips  from 

coke  3^9,  caloric  in  bkst  872.     Heat  ovylvcd  jwr  cwt.  of  mke     4,711 
OiMM  contiiining  47 "62  vola,  CO,  per  100  vols,  CO,*    Calories  from 

cuke  3,890,  calorics  in  blast  872.     Heat  evolvec!  pt-r  cwt.  of  fok«»    4,762 

In  estimating  the  heat  m[Uired,  the  factors  given  at  page  95,  for 
siting  Cleveland  iron,  will  be  adhered  to.    They  are  based  on  a 

By  weight  this  is  e<|uivAlent  to  1  of  carhou  m  carlxniic  itcid  to  2*2  h»  carbonic  , 
Dj  wfi^'bt  this  h»  etjuiviUent  to  1  of  carbon  tu^  c&rbonic  acid  to  2*1  as  cftrbonifi 
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consumption  of  11  cwts.  of  limestone  per  ton  of  pig  iron,  accompanii 
by  a  production  of  27*92  cwts.  of  slag.  These  conditions  brought  o 
I  he  various  elements  of  absorption  to  87,000  calories.  On  referrii 
however  to  Table  I.,  p.  244,  it  will  be  seen,  on  comparing  the  he 
required  with  the  heat  evolved,  that  the  former  is  deficient  in  qnaoti; 
by  about  8  per  cent.  This  may  be  due  to  trifling  errors  in  the  facto 
made  use  of,  or  there  may  be  an  absorption  of  heat  in  vaporizing  tl 
earthy  matters  carried  off  in  the  escaping  gases.  To  cover  th 
ilifference  2,600  calories  are  added,  making  the  total  reqniremei 
89,000  calories. 

With  the  elements  for  calculation  just  stated,  we  have  the  foUowir 
weights  of  coke  needed  for  each  ton  of  pig  iron: — 

OwU.  Coke, 
a,  45-46  VoU.  CO,,  100  Vols.  CO.    Blast  485°  C,    ...     ^^  -  2051 


h,        do.  do.  do.         800°  C,    ...     ??^  -  20-28 

(?,  47-62  VoU.  CO.,  100  Vols.  CO.    Blait  486°  C,    ...     ^^  -  19-02 
d,        do.  do.  do.         800°  C,    ...     ^^  -  18-82 


In  all  these  cases  the  quality  of  the  iron  is  considered  to  be  betwe< 
No.  8  and  No.  4,  say  an  average  of  No.  3*25.  In  each  instance  it : 
of  course,  assumed  that  the  supposed  conditions  arc  maintained  co 
stant ;  but  every  furnace  manager  knows  that  this  is  impossible.  T] 
air  varies  in  the  amount  of  moisture  it  contains,  the  minerals  vary 
composition  as  well  as  condition,  and  the  workmen  in  the  attentic 
they  give.  If  then  it  were  essential  to  produce  a  large  quantity 
iron  not  j^ling  below  the  quality  stated,  some  trifling  addition  woul 
no  doubt,  be  required  to  the  quantities  given  in  these  estimates,  ai 
1  propose  to  add  a  few  lines  on  this  head  in  connection  with  the  flgnr 
contained  in  the  tables  given  in  the  present  section. 

Let  us  take  the  example  of  a  furnace  of  dimensions  insufficient 
permit  that  prolonged  contact  between  the  gases  and  solids,  which 
needed  for  securing  the  saturation  of  the  former  with  oxygen,  and  tl 
proper  heating  of  the  latter.    A  waste  of  fuel  is  the  consequenc 
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!  each  ttuit  aliurds  less  heat  from  its  imperfect  oxidation,  and 
feheat  is  aim*  earned  off  in  the  escaping  gases,  partly  from  their  high 
I  tcoiperatufe,  and  partly  from  their  larger  voliunc  caused  by  the  com- 
\mm  of  aa  increased  quantity  of  coke  for  a  given  qaantity  of  iron. 

A^^imeu  of  this  defective  working  is  seen  on  comparing  B  and  C 
ImMlc  L^  which  contains  the  following  figures:—* 


Vy<il  consmned  per  20  uniU  of  iron 

a 
28*92  tiniU 

0. 
22*32  tinita. 

[>Cwhoti  ta  carbonic  oxidi?  to  onu  of  ciirbon 

1  as (xrbotiic  af id  ,.. 

4-06    ., 

2*28    „ 

Cobic  feet  in  furnace         

6.000 

11,500 

Teuijierat lire  of  escaping:  ga»e8      

1          Do.           blast          

452^  i.\ 
485''C. 

332^  C. 
485^  C. 

Hwit  from  combu»tion  jicr  unit  of  coke  .,. 

3.087 

C»lori«i. 
3,653 

Heat  in  blaat  per  unit  of  coke       

509 

534 

Oirried  off  in  eicsping  g»iies  per  unit  of  coke 

3^Wi 
567 

3,021^ 

4.187 
397 

Net  heat  oqniviUetit     ,,. 

3,790 

The  result  of  the  differences  given  abive  is  such  that,  with  the 
Wittt  at  tlie  same  temperature  in  each  cas*:%  there  is  a  higher  useful 
,  by  about  25  per  cent,  in  the  heat  evolved  from  C  than  from  B, 
wmpanied  by  a  corresponding  economy  in  the  fuel  consumed. 
It  would  be  useless  to  attempt  to  obtain  the  net  result  given  in  C, 
8,7^0  calories,  by  a  mere  increase  in  the  temperature  of  the  blast ; 
because  it  will  be  seen  that  the  air  employed  for  buraiug  the  coke  is 
too  ajuftll  in  weight  to  contain  the  necessary  quantity  of  heat.    Thus: — 


Cftlorioft. 


'  Ecftt  f  r«)m  combufition  of  coke  a^  In  B  , .     3,087 

Heit  in  bla«t  reqiiirwl  to  secnre  llio  ttot  result  of  ('     1J(X)  (TcTiip,  1,009^  C.) 


ToUl  beat 

Heat  earrU^I  off  in  even  ping  gaseR,  tzikeii  as  inV 

Set  heat 


4.187 
3U7 

3J90 


2iU 
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After  making  tlic  necisstuy  aIlowanc*e  for  oxygon  supplied  by  th 
ore  and  flux  and  for  the  airkm  which  combines  with  the  in>n,  4*60  anil 
of  air  are  reqoii'ed  for  the  oombnatinn  of  the  coke.  We  have  therefoH 
1J00  calories  to  divide  by  4 *G0  (units  of  blast)  x  "237  (sp.  Hest 
atmospheric  air) :  giving  1,(H)0*^  C*  or  1,848*^  F.,  which  repi^esenta  thi 
tcmperatui'e  of  the  blast. 

Experience  with  tire-brick  stoves  does  not  hold  out  any  erpectadoi 
at  present  of  our  being  able  to  heat  air  to  the  point  just  named, 
compromise  therefore  will  require  to  be  made,  i.e,  instead  of  seeking  tc 
mise  the  power  of  the  unit  of  coke  to  3,79(>  from  3,021)  calonei 
simply  by  raising-  the  temperature  of  the  blast,  an  enlargemeut  oi 
the  furnace  must  be  provided,  in  order  to  obtain  a  higher  degree  of 
satumtion  of  the  gases  with  oxygen.  In  this  calculation  we  will  asgiUBf 
that  the  ratio  of  carbon  as  carbonic  oxide  to  carbon  as  carbonic  add 
is  3*5  to  1^  and  that  the  loss  in  the  escaping  gases  is  midway  ktweeii 
B  and  C,  vijl,  482  calories  per  nnit  of  fuel  instead,  of  5G7  or  397 
cidories. 


oiMelolflf  CattwtaMMii      .» 
BmA  la  UMt  i«y«u«d  to  Mcnt  t^  Mi 


Xvt^hmt. 


SOX  (Temp.  740^  C.) 


t»C    « 


vm 


be  tecored  m  i 


.     3,790 


Asliag  been  already  stated  in  Section  Yl.  p.  84,  the  value  of  the  hot 
bt  depends,  up  to  a  certain  point,  on  effecting  what  is  equivalent  to  a 
licjil  enlargement  of  a  furnace,  bj  diminisliing  the  volume  of  gmm 
n(;ed  in  the  manufactme  of  a  given  weight  of  iron.  This  it  does 
making  the  air  the  vehicle  of  heat,  iimtead  of  having  recourse  to 
combustion  of  fuel. 

la  addition  to  what  may  have  been  ah'cady  said  on  the  subject  1 
Id  submit  a  few  observations  on  the  nature  of  the  sowing  etfected 
successive  additions  to  the  temperature  of  the  air  blown  into  the 
ace. 

Let  us  admit  the  poseibility  of  so  oxidizing  the  carbon  that  the 
gMes  as  they  escape  conttiin  1  of  carbon  as  carbonic  acid  to  2*1  as 
carbonic  oxide.  So  long  as  the  carbon  in  the  latter  form  is  In  excess 
*>rthe  ratio  just  named,  viz.  2*1  to  1  as  carbonic  acid,  the  introduction 
of  heat  in  the  blast  means  the  saving  of  heat  afforded  by  burning  fuel 
*o  the  state  of  carbonic  oxide  only.  Now  to  cover  loss  from  impurities 
k  the  c^ke,  mj  7^  j>er  cent.,  it  has  been  assumed  that  each  unit  of  this 
dttyription  of  fuel  gives  2,220  calories  when  burnt  to  the  form  of 
•wbonic  oxide,  and  7,400  calories  when  burnt  to  carbonic  acid.  If 
thus  1,000  calorics  are  contributed  by  the  blast,  and  we  arc  saving  fuel 
»hich  only  goes  to  form  carbonic  oxide,  wc  have  i^jy  =  '***'>^  imiiB 
of  coke. 

tf  on  fche  other  hand  the  saving  of  coke  which  only  serves  to 
carbonic  oxide  has  been  carried  to  a  point  where  the 
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contain  only  2'1  of  carbon  in  this  form  to  1  in  that  of  carbonic  acid,  i 
or  100  volumes  of  CO  to  47*6  of  CO^  then,  the  ratio  of  the  two  carbon^ 

oxides  remaining  unaltered,  the  saving  is  found  as  follows : —  ' 

I 
1     of  carbon  as  carbonic  acid  x  7,400  >=  7^400  calories. 
2'1         do.        carbonic  oxide  x  2^20  «  4,662        „ 

3-1  units  of  carbon  ^ve 12,062 

—  3,890  cals.  per  unit  of  coke- 

31 


Then  we  have  J^^  =  '257  units  of  coke  per  1,000  calories. 

Thus,  so  long  as  there  is  an  excess  of  carbonic  oxide  in  the  gases, 
the  saving  for  each  1,000  calories  in  the  blast  amounts  to  nearly  half 
a  unit  of  coke  ('450);  whereas,  when  the  gases  arrive  at  the  supposed 
point  of  static  equilibrium,  the  saving  is  only  one-quarter  of  a  unit 
('257).  At  this  rate  the  saving  will  remain  constant  so  long  as  thfr 
ratio  of  the  two  oxides  of  carbon  remains  constant. 

The  limit  to  further  economy  under  these  conditions  will  be  the 
temperature  to  which  it  will  be  practicable  to  raise  the  blast.  In  the 
case  of  E  and  F,  Table  I.,  the  temperatures  were  888''  C.  and  819'' C. 
respectively.  If  we  assume  850°  C.  (1,562°  F.)  as  an  average  practical 
temperature,  then  4*60  units  of  atmospheric  air  would  contain  981 
calories,  and  taking  the  loss  on  the  escaping  gases  at  258  calories, 
we  have : — 


Heat  from  combustion  of  one  unit  of  coke — 2*1  as  carb.  oxide  to  1  as 

carb.  acid,         8^90 

Heat  contained  in  the  blast  (4-6  x  -237  sp.  heat  x  850°)       925 

4^15 
Less  carried  off  in  the  gases        268 

Net  result 4,557 

In  the  estimates  just  given  the  proportion  of  carbon  as  carbonic? 
acid  is  in  reality  in  excess  of  what  I  have  usually  found  in  the  gaaes;  1 
to  2*20  or  2*25  as  carbonic  oxide  being  a  more  common  r^tio.  In  the 
cases  of  C  and  D,  already  particularly  referred  to,  the  figures  were  2*28 
and  2-52  respectively,  and  then  the  net  results  were  8,790  and  8,78^ 
calories. 
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iItidcj  the  abovL*  ratio,  xuy  2*20  tf>  1,  t4>  a  furnace  blown  with 
fbO^  C,  the  effet't  would  \ye  m  follows: — 

I  combustion  «if  roke  {2'2  as  carb.  tDxidi^  to  1  iim  carb.  ncid)    .     8,889 
i  in  blust  {4-60  iiir  x  -237  «p,  Ut-at  *   tibCf'  C)  ..,       926 


Less  carried  off  i«  gii«<^ 


2S8 

4,506 


is  a  remarkable  fact  however  that,  with  one  exception,  I  liava 

mbly  found  the  prtiportiitn  of  uarbon  as  carbinic  acid,  in  tlie  guses 

furutK^i'-s  blown  with  superheated  air,  below  that  in  fnrnaees  using 

of  jnore  moderate  temperatures.     The  exception  referred  to  is  the 

th  in  the  subjoined  lint  (F  in  Table  L).     It  contains  the  parti- 

I  <if  the  large  OrmeBby  fui'naoe,  which  it  will  be  remembered  was 

»»aljr  half  the  quantitj  of  metal  usually  produced  for  a  given 

tj  from  a  Cleveland  funino^.     In  the  followiiit,^  list  the  perfor- 

of  three  other  fui-naces  is  added  in  order  to  obtain  an  average 


SqiKraUnU  of  Heat  per  Cwt.  of  Coke  in  furnace*  Mm'n^  air  superheated  in 
Fireiritk  Stoves, 

CyoriOT, 


W,rrl 

Ik.  TablG  II. 
.  K.  T*blc  L 


'OaAotiOT 


T«n.p.  CfttOo      from 

>f  Blot  tolOM   emobi 
"O.         00».      of  Coke. 

20,642      780  2  89 

10,300  718  2-52 
20,642  8S8  807 
35,Oir»      819      2*28 


LsMin     Nol 
Owcsa    r«»ua. 


3,442  747  4,189  164  3,725 

3^32  671  *i.203  283  3.920 

3,258  OOH  4.164  366  3,79^ 

3,551  793  4,344  189  4,166 


21,060      SOI"*    2C 


3,446    779    4,2S4    326    8,899 


AirainBt  these  I  wonld  place  the  fignres  appertaining  to  furnaces 
iir  heated  by  meauB  of  kon  pipes  : — 

THDih  Cm 00.  ^^^^  0»U»t1«i  T^,„  „  , 

Wart                       O&pidty        of        tol  0    rwS*  *»  ^t»L  ^f^  Jl"* 

-tuu,C.TiibUL.,.     11.500     486^     2*28     3,663  634  4.187  397  3,790 

Oh,      D.,     Do.    ...     11,600     663'*     252      3^80  674  4,164  369  3,786 

^*i«t,    U    tla,IL...      9^^60     622^     2-04      3,fi96  517  4,213  319  3,916 


ky/VTM^ 


10.K50      623^      2-28      3,643      542      4,183 


62      3,830 
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Without  implying  any  distrust  whatever  in  the  value  of  fire-brio 
stoves,  I  would  point  out  that  with  air  of  an  average  temperature 
523°  C,  used  in  furnaces  of  dimensions  only  half  those  of  other  fumaofl 
using  blast  heated  to  an  average  of  801°,  results  if  anything  rathfl 
better  than  in  the  larger  furnaces  have  been  obtained.  It  must  d 
be  overlooked,  however,  that  the  question  of  the  kind  of  stove  to  whi 
the  preference  has  to  be  accorded  can  only  be  settled  by  the  averag 
performance  over  long  periods  of  a  great  number  of  furnaces.  AI 
intend  at  present  is  to  shew  by  the  figures  I  have  made  use  of,  that 
great  an  average  heating  power  has  been  obtained  from  coke,  i 
furnaces  of  moderate  size  driven  with  air  at  comparatively  moder&b 
temperatures,  as  in  those  of  much  larger  dimensions  driven  wil 
superheated  air. 

There  is  one  other  matter  in  connection  with  the  economy  of 
raised  by  a  most  competent  authority  in  the  manufacture  of  iron, 
mean  Mr.  Edward  WiUiams.    The  importance  of  attending  to 
shape  of  a  furnace  as  well  as  to  its  capacity,  was  insisted  on,  in  Jnly^^j 
1882,  by  this  gentleman,  at  a  meeting  of  the  South  Wales  Institute 
Engineers,  of  which  he  is  president. 

The  question  has  already  been  alluded  to  in  these  pages  (page  124)^] 
but  without  insisting,  to  the  extent  Mr.  Williams  does,  on  the  superior 
advantages  gained  by  additions  of  height  in  preference  to  enlarging 
the  capacity  of  a  furnace  by  increasing  its  width.  This,  like  moat 
other  branches  of  the  enquiry,  can  be  determined  by  experience  alone; 
for  we  not  only  have  to  design  a  form,  with  which  gases,  in  varioni 
degrees  of  dilatation,  may  find  their  way  most  equably  through  fcto- 
solids,  but  we  have  also  to  study  the  conditions  least  favourable  to  the 
"  scaffolding  "  of  the  materials. 

This  is  a  subject  to  which  practical  smelters  would  do  well  to  torn 
their  attention,  recording  for  mutual  instruction  the  results  of  their 
experience.  My  own  observations  on  the  subject  are  too  limited  to 
speak  with  a  suflBcient  degree  of  confidence.  This  much  I  may  be 
permitted  to  state,  viz.,  that  the  furnaces  which  seem  to  have  done 
the  best  work  have  boshes  sloping  at  an  angle  of  78  or  75  degreed 
instead  of  about  fiO  degrees,  as  was  formerly  the  common  practice  iJ* 
Cleveland. 
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Dag^iuD  l\B&  l)een  made  to  the  poggibility  of  ijrror  in  stating  tlie 

titj  of  carbon  and  therefore  of  coke  retiuired  in  prodncing  one 

rinnu     A5  an  exatuple  may  be  quoted  that  of  one  of  the  Ormesbj 

(t.,  page  245)  in  which  24-14  cwU,  of  coke,  containing  OO 

Eli.  of  carbon,  was  given  a*^  the  consnmption  p<?r  ton  of  pig.    It 

ointed  out  at  the  proper  place  that  this  quiintity  seemed  oxcH^ssivet 

Dg  regard  to  the  quantity  of  heat  needed  in  this  particular  case, 

|excc&%  was  shown  to  be  7,000  to  8,000  calories.     Callinic  it  7,50<v 

1  this  number  divided  by  4,HS4  (the  calories  developed  i>er  unit 

X)  repreaeuts  an  overstateraent  of  r79  cwts.  of  eoke  per  ton  of 


Jow  there  is  really  uu  (Jiffitvulty  (supposing  all  the  ore  to  l>c  so 
ned  88  to  have  all  its  carbunic  acid  driven  off,  m  is  often  the  case)  in 
alating  from  the  average  composition  of  the  gases^  how  mui-fi 
on  has  i»een  derived  from  the  fuel. 

To  prove  this  I  will  assume  a  case  in  whi<'h  the  ([uantity  of  carbon 

in  the  furnace  is  known,  and  thereby  ndoptiiig  a  composition  of 

baaed  on  this  knowledge,  we  shall  liiuJ  that  the  coke  used 

tspondjs  in  the  adculation  with  the  assumed  ((miutity.     For  my 

ent  purpose  I  will  take  an  example  where  each  ton  of  iron  is 

to  have  re^juired  as  follows: — 

B.  of  coke  coiitJitmng  92'5  per  cent,  of  C4irlwm. 

IP         Umc'tlvniK*     „        12'0        ^,  ,,         uiiit*Hl  to  32'0  per  cent-  of 

oxjg&A  to  form  CO,. 

for  simplicity's  sake  I  will  assume  that  the  bhist  wtis  abstjlutcjy 
I  firom  moisture,  and  that  the  gases  contained  (irm  units  of  carbon 

^,.  and  the  remainder  as  CO,  per  "20  units  of  imn. 
lEy  calculation,  the  carbon  in  the  escaping  gases  comes  out  to  be  as 
DWS:— 

0DiU. 

C4>ke,  22  xmits  conta-ininf^  92*5  jier  c©nt.  C.  -      .,.  20'35 

Limestone  eont^iins     .,  .«.  ,..  1'20 


L**c  absorbed  by  iron 

ToIaI  earbou  cootaujed  in  g^is^iii 


2l'&5 

GO 

20-95' 


[^  The  pofwiblc  i \tcTit  to  wliidi  ciiibott  amy  be  d*?ri vixl  from  the  ironstone  Iim 
1  rvf  cmd  to,  |>ih?v*  210. 
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CONDITION  OF  THE  CARBON  IN  THE  GASES. 

From  our  assumption  that  6*58  carbon  existed  in  the  form  of 
it  follows  that  14'37  are  present  as  CO,  making  together  the  2i 
nnits  of  carbon  given  above.  Although  the  condition  of  the  cai 
in  the  gases  as  regards  its  state  of  oxidation  is  given,  it  must  not 
understood  that  this  condition  affects  the  calculation  we  are  consider 

OXYGEN  IN  TEE  GASES. 

Analysis  of  the  iron  indicated  that  (including  the  oxygen  origin 
<M)mbined  with  the  silicon,  sulphur,  and  plu^sphorus  therein  contaiD 
9*00  units  of  oxygen  were  derived  from  the  ore.  This  together  i 
3*20  units  derived  from  the  limestone  as  already  mentioned,  ma 
12'20  units  of  oxygen,  contributed  by  the  solids  entering  the  fan 
for  each  20  units  of  iron  produced.  The  oxygen  due  to  the  U 
for  this  weight  of  metal,  is  thus  estimated: — 


Unite. 

Carbon  as  carbonic  acid  —    6*58,  united  with  oxygen 

17-65 

„        carbonic  oxide »  14*37,        „                ,, 

1916 

Total  oxygen  in  the  gases      36*71 

Deduct  oxygen  in  ore  and  flux,  as  above  mentioned  ...       12*20 

Oxygen  due  to  the  blast,  considered  as  dry 24*51 


NITROGEN  IN  THE  GASES. 

The  analysis  of  the  gases  gives  the  exact  relation  which  the  nitra, 
they  contained  1  bears  to  the  carbon  and  oxygen,,  consequently 
exact  quantity  of  atmospheric  air  employed  (taken  as  dry  in  1 
particular  case)  per  20  units  of  iron  is  then  easily  calculated.  ^ 
correctness  of  the  analysis  can  be  judged  by  this  nitrogen  correspond 
with  the  quantity  estimated  to  be  brought  in  by  the  oxygen  j 
mentioned,  viz.  24'51  units  of  oxygen  for  20  units  of  iron.  Thii 
course  is  not  attempted  in  the  present  case,  because  the  assumed  c( 
position  of  the  gases  and  solids  ensures  an  exact  con^ponde 
between  the  two  sets  of  numbers.  Following  the  figures  adopted 
have : — 

*  All  reference  to  the  minute  quantities  of  N  which  go  to  form  N  H,  anc 
is  neglected  in  this  calculation. 


eacnoir  x^^by  fuel  used  in  blast  fitrnaceb. 


i71 


\  (O,  per  100  mr)  :  7675  CN.  per  100  »lr)  : :  21'51  (O.  in  giMi  per  20  unitu 
ivcd  from  bUsi)  :  80^1  (tbt*  N.  pvt  20  unit*  of  iron), 

^le  escaping  gaaes*  adopting  the  fi^rt»s  assumed  in  the  pi'esent 
L  will  imve  the  following  composition : —  ^ 


CO. 
CO 
N 


17-41   =* 
24*19   » 

58-40 


C.  4-748 

10-367 


U.  13-663 
13*823 


100- 


15-115 


26*485 


Having  deterinined  in  the  manner  described  above,  the  actual 
jht  of  nitrogen  (80*9 1  units)  accompanying  the  production  of  20 
I  of  metaJ,  we  haye  simply  to  estimate  the  carbon  and  oxygen  which 
foaQd  ofisociated  with  this  quantity  of  nitrogen  according  tct  the 
Eiportion^  in  which  they  are  found  by  analysis*  According  to  such 
apntation  the  figures  will  stand  thus  ;— 

Cftrlionic  ttcid 24*13  —       Carbon     6'5^      and  oxygen  17*55 

Ckrboitic  oxide  ,..     33-53   -  „      14'37  „  19^16 

mtrogen         ,.,         ,.,     80'91  —  — 

ToUl  weight  of  gadea 

pcrtottafinm        ..,   13S'57    TotuJ  carl luii  20  95    Total  oxygen  3671 


From  these  figures  the  oxygen  in  minerals  and  in  air  is  thus 
ilculated : — 

7675  (K.  in  air)  :  23'25  (O.  In  air)  : :  68*40  (per  c«tit  K.  in  giuea)  :  19-69  (O  In 
r  ccdU  O  in  gAse»  derived  from  blut. 

Bat  the  oxygen  in  the  gaaes  associated  with  the  58*40  of  nitrogen 
[  26*485;  and  26'485  less  19'GD  (oxygen  in  air)  gives  871J5  as 
the  minerals* 

Now  the  total  weight  of  oxygen  derived  from  the  minerals  per  20 
aits  of  iron  has  been  flhow^n  to  be  12*20  units,  and  the  wuight  of 
rbon  in  100  units  of  the  gases  \vas  ascertained  to  be  15'115  units: 
?  we  have: — 

87^  (0.  ffora  m'mcmU  per  100  of  pisca)  ;  15*115  (C.  in  100  of  gii»e«)  : ;  12*20 
I  in  mineral  jier  20  of  Irun)   I  20*96  (total  C.  hi  gaees  per  20  of  iron). 


'  Tlni- 


'  of  ihe  go^e*  in  the  iktmlyscs  is  an  estimated  one  and  correaponds 
I.  Ac,  d«4ivered  to  tlic  funjace.  Of  coorse  in  aetmd  practice 
ututi!8  thir  \M»i§  of  computation. 
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The  total  carbon  in  the  gases  per  20  of  iron  is  thus  shown  to  be  20^ 

Of  this  there  was  contributed  by  the  limestone           1*20 

Diiference 1976 

To  which  add  carbon  absorbed  by  pig  iron                   "GO 


Actual  carbon  furnished  by  coke  20*36 

To  convert  20*36  into  coke  add  for  7i  per  cent,  impurity       ...  1*64 


Making  together  and  corresponding  with  the  assumed  quantity 
of  coke  consumed  22*00 


The  calculation  just  given  is  of  course  liable  to  be  constantly 
affected  by  the  ever  changing  amount  of  moisture  in  the  air. 

To  avoid  complicating  my  calculations  unnecessarily,  I  have  adopted 
in  all  the  estimates  given  in  these  pages  what  I  consider  to  be  a  mean, 
viz.,  '72  per  cent,  of  water  in  the  blast.  Every  100  parts  of  such  blast 
is  therefore  composed  of: — 


Nitrogen. 

Oxygen. 

Hydrogon. 

76-20 

23-72 

•08  - 

100 

of  76-75 

23-25 

—  - 

100 

as  assumed  in  the  previous  calculation,  where  the  blast  was  regarded 
as  absolutely  dry. 

Suppose  on  analysis  100  parts  of  the  escaping  gases  are  ascertained 
to  consist  of: — 

Carbonic  acid          1768  -     C.  4-82  +     0.12^86 

Carbonic  oxide         24*57  -    C.  10-53  +     0.14-04 

Hydrogen     -05                  —                      — 

Nitrogen       ...         57*70                  —                      — 

100-00  15-35  26-90 


We  have  then  as  before : — 

76-20  N. :  23-72  O. : :  57-70  :  17-96  =  O  in  bUst  per  100  of  gas. 

But  0.  in  100  of  gases  is  26*90;  and  deducting  17*96  we  have 
per  100  gas,  8*94  0.  derived  from  the  ore  and  limestone  instead  of 
8*795  as  formerly. 

This  modifies  the  figures  to  be  made  use  of  as  follows: — 

8-94  (per  cent.  O.  in  gas  from  minerals)  ;  15-36  (per  cent.  C.  in  gases)  :  I  12*20 
(weight  of  O.  from  minerals  per  20  units  of  iron)  :  20*95  (the  total  wdght 
'  of  carbon  in  the  gases  per  20  units  of  iron). 


&BCTIO}f  X. — BY  FUEL  USED  IK  BLA8T  FURNACES* 


273 


We  have  then  a&  before,  on  deducting  the  carbon  snpplietl  by 
i  limestone  and  adding  the  carbon  ubsorbed  by  the  pig  iron  ton^ether 
the  ash  to  form  coke,  a  net  result  of  22  units,  which  wa»  the 
Bmed  weight  of  coke  employed  per  20  units  of  metal  produced. 
Abbreviated,  the  fuliowing  fonuula  will  serve  to  estimate  the 
itity  of  carbon  derived  from  the  coke  used  for  20  units  of  pig 


Let  X  be  tbo  iotiil  w^gtit  of  cftrbon  lu  the  gAae«  per  ton  of  iron. 

O  the  total  percentage  of  ojtygen  in  the  guM. 

N  do.  iiitrogen        do. 

O  —  *31 12  N.  the  {>erccutage  of  oxygen  hi  the  ^;:iuies  as  fur  as  it  originiites 
from  ore  and  limestone,  ix.  allomng  for  that  derived  from  72 
per  cent,  of  moiattire — the  assumed  qnantity  in  thti  blaat. 

C  the  percentage  of  carbon  in  the  gases. 

Ox  th«  total  oxjgeu  brought  bj  the  minerals  p«r  20  imits  of  pig. 

''  '  (0-*ail3N.) 


4 


Allowing  then,  as  «hown  above,  for  c^irbon  in  limestone  and  pig 
pa«  and  ash  in  coke,  the  value  obtained  for  x  readily  gives  the  iveight 
fooke  per  20  unite  of  iron.  On  applying  this  mode  of  computation 
I  the  case  of  the  Ormesby  furnace,  ^ven  in  page  244,  the  coke  came 

out  22'35  instead  of  24*  H  cvvt€. — showing  thus  an  excess  of  1*79  owts. 

«ftd  correfiponding  exactly  with    the  amount  competed  from  the 

<Hi&utity  of  heat  required, 

1  subjoin  five  other  examples  as  ii  means  of  comparing  the  quantity 

<'ffuel  said  to  be  consumed  with  that  appeai-ing  as  cai^bon  in  the 

|«»piijggase8: — 


Coke  per  charging  book 
Coliw   estimaUHl    from    C 
gKtes  by  the  fornttiU 

Oi|«  tt  oansamod  otider«tated 
Cokt  u  eoDiiiiiied  oventatcd 


f^maoo 

of  S5.000 
cutic  fetit, 

.     2003 


FtiroMw 
ar3S>000 
miblefecst 


Cl^renott 
Funiaeo 
i>f  34.000 


Clare&oe 
AvenmA 

IWeeJt 


1909        2297        22*44        21'23 


21*19        19S9        2236 


116 


■20 


*61 


21-85 


*5d 


21'0<> 


•16 
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ON   THE    HEAT    EQUIVALENT    OP    CHARCOAL    IN   THE    BLAST 

FURNACE. 

Already  in  Section  VII.,  on  fuel,  a  general  comparison  was  attempted 
to  be  drawn  between  the  amount  of  duty  obtained  from  charcoal  and 
from  coke.  The  application  of  vegetable  fuel  to  the  smelting  of  iron 
derives  much  interest  from  the  small  quantities  occasionally  consumed 
in  the  blast  fiimace  to  produce  a  ton  of  iron.  A  more  minute  enqniiy 
into  the  causes  which  lead  to  this  result  induces  me  to  supplement 
what  has  been  already  said  on  the  subject.  My  present  opinions  are 
mainly  founded  on  information  obligingly  supplied  to  me  by  the  ownen 
and  managers  of  different  works,  during  a  recent  visit  to  the  Yordern- 
berg  Valley  and  elsewhere. 

As  examples  of  a  remarkably  low  consumption  of  charcoal,  I  append 
the  following  particulars,  obtained  during  the  late  meeting  (1882)  of 
the  Iron  and  Steel  Institute  in  Austria : — 


Work. 
Trofaiach 

^Iron. 
White 

Height  and 

Capacity  of 

Fumaoe. 

Height    Capacity. 

62        2,030 

Temperature 

of^last. 
•  0.      •P. 

340    644 

Weekly 
Tona. 
140 

CharootI 
wedpfl 
UnitoofP* 

13-60 

VordembergNo.14 
.,    13 

99 

n 

48i 
29 

1.190 
430 

313    695 
cold  blast 

154 
50 

14-20 
16-70 

»      2 
„      3 

f) 

35i 
53 

1,120 
3,690 

300    572 
450    842 

105 
269 

14-80 
12-00 

Neuberg 

Heft.«   Corinthia... 

Bessemer 

44 
43 

— 

300    572 
376    707 

115 

18-00 
16-80 

From  a  list  of  furnaces  given  further  on  (pp.  276, 277)  it  will  be  seen 
that  a  ton  of  grey  foi^e  iron  is  made  in  Sweden  with  quantities  of 
charcoal  varying  from  15*44  to  28*94  cwts. ;  and  Bessemer  iron,  also 
with  charcoal,  from  17*70  to  25*56  cwts. 

There  is,  as  might  be  expected,  a  certain,  indeed  in  some  cases, » 
considerable  amount  of  variation  perceptible  in  the  figures  just  given; 
but  on  the  whole  the  quantity  of  charcoal  required  to  produce  a  ton  of 
metal  is  considerably  below  that  usually  consumed  by  smelters  u&H 
coke  as  their  ftiel. 

The  most  rational  mode  of  investigation  into  the  cause  of  thifl 
difference  is  to  consider,  in  the  first  place,  to  what  extent  any  variations 

»  Paper  by  M.  Friderici.  •  Letter  from  Ritter  v.  Tanner. 
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i€  work  to  be  performed  may  account  for  this  apparent  superiority 

arooal  aver  coke.     One  example  was  given  at  page  120,  by  which 

BOO  e^orie«  appeared  to  l>e  absorbed  per  20  units  of  wkife  iron. 

icmeath  is  inserted  a  comparative  stateraent  of  the  requirementg 

smelting:  ^rey  iron  in  two  fnrnaces,  the  one  using  coke  and  Oleve- 

ore,  and  the  other  using  charcoal  and  P^mthose  ore : — 


Seat  Eequiremrnf$: '  — 

M  1.- 

ChutmmL 

I'ludon  *if  slag      

8.811 

14,620 

l>©comiKwitiou  of  water  in  blast 

1,700 

2,444 

Sx}mlfioti  of  carbonic  acid  in  minarols... 

962 

4,013 

teampoNition  of         „               „ 

992 

4,160 

fpllpomiiun  of  water  in  fuel     ... 

1.674 

H139 

324 
— 25,461 

CUM  II.' 

R««dtteiiaw  of  iron  in  oxide  of  iron 

32.100 

33,1^1^ 

Owbon  ImprqiBriiaiion 

1»9S0 

1.410 

Defoinporition  of  ailidc,  pbo«plioric  and 

folpbaric  iieids            ...         

522 

4»174 

TimfiBtnission  tbnmgh  waUE       

2,615 

3,668 

Fowon  of  p\g  iron           

6,600 

6,600 

Ganied  ofT  in  tujere  watur       

1476 

UM^ 

1318 

IcUk  IIL— 

Carried  off  in  g«»e8         ...         .„         ^, 

3,480 
62,552 

7M2 

83301 

iSttimatod  beat  produced  in  the  fnmaeo 


63,890 


8-1.772 


The  dose  correspondence  between  the  two  sides  of  the  acconnt,  in 
iMth  these  examples,  affords  a  reasonable  ground  for  a  behef  in  their 
^^neral  correctness.  Admitting  this,  it  would  appear  that  iron  made 
'^pder  the  a&suined  conditions  requires  33  per  cent,  more  heat  in  the 
case  of  the  coke  than  in  timt  of  the  charcoal  furnace.  There  are, 
ftwcver,  differences  in  the  composition  of  the  two  kinds  of  fuel,  us 
as  differences  in  the  character  of  their  combustion,  which  prevent 
direct  comparison  being  made  by  having  rcgai-d  only  to  the 

^  Hie  same  clascification  of  tbc  Vieat  rcquirepentii  has  been  retained  as  that 
I  at  page  242,     In  comparing  different  qualities  of  charcoal  and  coke,  ns  weU  as 
"'*  iron  and  coke  iron,  care  must  be  taken   to  make  propter  allui(iuiic4^  fur 
i.  of  comxKMtition. 
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quantity  of  heat  required.    This  will  be  best  understood  when  the 
heat  equivalents  of  each  kind  of  fuel  come  to  be  considered. 

At  the  risk  of  appearing  to  overload  these  pages  with  examples  of 
the  performance  of  blast  furnaces  using  charcoal,  I  annex  extracts  from. 
a  list  compiled  by  Professor  Akcrman.     This  is  done  because,  as  is 
well  known  by  furnace  managers,  it  would  be  easy  to  select  a  few  cases ; 
which  might  serve  to  illustrate  conditions  of  a  very  opposite  nature;  | 
The  iron  produced  in  all  the  examples  given  may  be  considered  as  grey : 
in  quality;  but  that  used  in  the  Lancashire  hearths  for  making  malleable 
iron,  being  run  in  iron  moulds,  is  white  at  the  outside,  where  it  come* 
in  contact  with  the  cold  iron.     The  metal  intended  for  Bessemer 
steel  is  of  course  "richer"  than  that  used  for  forge  purposes.    The 
consumption  of  fuel  being  affected  by  the  richness  of  the  ore,  and  the 
quantity  of  limestone  charged,  I  have  added  the  weight  of  ore  and 
limestone  per  100  units  of  fuel,  together  with  the  temperature  of  the 
blast,  and  the  percentage  of  carbonic  acid  to  carbonic  oxide. 

I. — Swedish  works  making  grey  forge  iron : — 


Work. 

Hei^t. 
Feet. 

uniMor 

Charcoal 

per  30  units 

of  Pig. 

units  or  ure 

and  Flux 

per  100  units 

FueL 

Temperature 

of  Blast. 
•  0.           •  F. 

VOAW 

00. 

Hagforeen 

...  &^ 

19-56 

198 

200 

-  392 

884 

Gustavfors      ... 

...     46i 

23-94 

199 

140 

284 

28-8 

Finshyttan 

...  m 

23-80 

224 

100 

212 

311 

Sdderfora 

...     50i 

18-86 

199 

230 

446 

3il 

Gammelkroppa 

...     422 

20-96 

204 

180 

356 

30-6 

Hofora,  No.  1 

...     51 

22-50 

247 

150 

302 

41^ 

Do.     No.  3 

...     52i 

19-56 

220 

250 

482 

35-9 

Hania8 

...     41 

1930 

195 

80 

176 

321 

Vikmanshyttan 

...  m 

20-18 

195 

170 

338 

85-6 

Starbo 

...     39 

17-01 

219 

300 

572 

60^ 

Degerfors 

...     &0J 

18-52 

223 

200 

392 

56-3 

Hogfors 

...     37 

19-36 

235 

230 

446 

50-4 

Bjornhyttau  ... 

...     42 

15-44 

204 

200 

892 

85-S 

Norn 

...     43 

19-60 

236 

200 

392 

68-4 

Bofors 

...     52 

20-04 

236 

170 

338 

60-4 

Seglingsberg 

...     481 

17-26 

224 

200 

392 

61-2 

Dalkarlsbyttan 

...     43i 

15-70 

237 

100 

212 

68-a 

Do. 

...     43i 

15-66 

253 

100 

212 

69-1 

KIcnshyttan  ... 

...     31i 

18  28 

188 

250 

482 

444 

Average  for  grey  forge     44^  19^  21768      182        350  48*^ 


48-& 
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-Swtedish  morkt  making  BeMemer  fr©i».*— 


1          Work 

Unttsof 

^srlOimlto 
ofPti. 

Unitoof 
Onaod 

pwlOOtmlU 

of  BlMtft 

•  0.           *  F, 

Voln,  of 

iooVojSl 
o(eo. 

K  jkroppa 

.     50i 

23*43 

ao8 

250 

482 

27*3 

MBg^jtUn 

.     611 

1770 

212 

300 

572 

41-5 

Bonowtfvet 

53i 

21-00 

221 

2S0 

536 

40H 

nfihytt^ii       ,. 

.     40 

17-74 

228 

30O 

572 

48*0 

LndviVim       ... 

60i 

25*56 

229 

2«0 

536 

270 

yngbro 

53i 

19-02 

22t^ 

300 

572 

562 

hBttieUbyttaii 

50^ 

17*50 

223 

230 

446 

75-1 

l*^"" 

.     41 

22-12 

183 

250 

4a2 

36*7 

UiCnige  for  Benemer 

m 

20-53 

215-5 

2737 

525 

441 

u 


nrciti 


may  be  obgerved  that  the  average  weight  of  ore  aiid  liroeBtomi 

ou  100  lbs.  of  charcoal  is  about  218  Ibg.  for  Lancashire  heart li 

♦  and  al)ont  215  Ibe.  for  Bessemer.     Reckoned  on  dry  charcoal, 

numbers  will  be  2i'i7  lbs.  and  254  lbs,  i-espectively.     lu  British 

naoea  100  Ibe.  of  go<Kl  Durham  c^ke  carry  about  252  to  272  lbs.  of 

J  and  limestone  for  grey  forge,  and  about  222  lbs.  for  Bessemer  pig. 

Dealing  with  the  furnaces  just  enumerated  as  a  whole,  there  will 

t  fimnd  nothing  to  excite  any  surprise  in  reference  to  tiie  consumption 

irad-    It  IS  trae  that  tho  charcoal  usually  contains  about  15  per  cent, 

vnter,  so  that  in  19-28  units  and  20*53  units  we  have  in  reality 

"J  10*35  and  17'45  units  respectively  of  dry  fuel  to  account  for. 

^^m  if  Cleveland  coke  iron  of  forge  quality  requires,  as  appears  in  the 

Dent  given  at  page  275,  SS  per  cent,  more  heat  than  the  charcoal 

de  in  these  furnaces,  we  have  f  16-35  +  33  per  cent)  21*80  units 

'  prf»per  quantity  of  coke  required  for  grey  forge  iron.    Besseiner 

^  wiade  in  England,  usually  absorbs  about  75,500  calories  per  20 

b^Qal  therefore  to  21  per  cent,  in  excess  of  that  produced  in  the 

^  furnaces  ul"  Sweden.     If  then  to  17'3  cwts.  the  weight  of  diy 

^,  ^e  add  21  per  cent.,  we  have  20*98  cwts.  as  its  equivalent  in 

'  ^^  ^^glkh  Bessemer  furnace.     Now  when  we  cr.m.'sider  that 

'  ^*fe  contams  B  per  cent,  of  ash,  or  three  times  the  quantity 

^/WTe«eDfc  ju  f.fjijreoal— also  that  21^  cwts.  of  the  former  suffice 

*^  of  grey  forge  iron  and  under  21  cwte.  a  ton  of  Bessemer 

^  JUflC  giTen  prove  that  so  far  as  grey  b-on  is  concerne*! 
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the  average  results  in  these  Swedish  iiiniaces,  in  point  of  the  con- 
sumption of  fuel,  are  in  no  way  superior  to  those  commonly  obtained 
in  modem  furnaces  using  coke. 

On  contrasting  the  weight  of  charcoal,  given  in  page  274,  as 
employed  in  the  manufacture  of  white  iron  in  Styria,  with  that  con- 
sumed in  the  Swedish  furnaces  for  producing  grey  iron,  there  is,  it  will 
be  seen,  a  difference  of  above  6  cwts.  to  the  ton;  and  even  in  making 
Bessemer  pig,  the  smelters  of  Austria  appear  to  be  able  to  do  the  work 
with  less  fuel  than  those  of  Sweden.    I  propose  now  to  examine  the 
work  of  the  fomaoes  in  the  two  countries,  by  means  of  the  data  in  my 
possession,  in  order  that  a  comparison  may  be  drawn  as  to  the  quantity 
of  heat  required  in  each  case  and  the  means  employed  for  obtaining  it. 
With  this  view  I  have  prepared  Tables  containing  the  needfiil  lactore, 
together  with  the  estimates  based  thereon;  selecting  cases  where  a 
maximum,  a  minimum,  and  something  like  a  mean  quantity  of  fnel 
has  been  consumed. 

An  examination  of  the  Tables  III.  and  lY.  points  to  the  supposidoa  - 
that  the  weight  of  charcoal  used  may  be  somewhat  understated  in  some 
of  the  instances  under  examination.    This  observation  is  particularlj 
applicable  to  the  furnace  of  Seglingsberg  and  Guldsmetshyttan,  the 
former  showing  a  deficiency  of  about  2  cwts.  and  the  other  of  1  cwt.to 
the  ton  of  iron.    This  is  not  surprising;  because,  owing  to  the  readiness- 
with  which  charcoal  absorbs  moisture,  it  is  the  practice  of  those  using 
this  description  of  fuel,  to  deliver  it  to  the  furnaces  by  measure,  and  it 
may  easily  happen  that  a  given  bulk  may  contain  a  greater  weight  of 
dry  charcoal  than  the  figure  assumed  for  the  estimates  given  in  tb« 
Tables.    No  allowance  has  been  made  for  the  heat  contained  in  tbc 
ore,  usually  freshly  drawn  from  the  kilns;  but  this  is  considered  as  vary' 
ing  from  1,600  to  1,800  calories  per  20  units  of  iron. 

My  want  of  suiBBcient  experience  with  charcoal  furnaces  renders  ^^ 
however  inexpedient  that  I  should  do  more  than  point  out  the  ii^ 
crepancies  alluded  to ;  and  the  numbers  given  by  the  authorities 
quoted  as  the  source  of  ray  information,  will  be  adhered  to  in  tl>^ 
calculations  which  follow. 

Although  it  has  been  demonstrated  (page  277)  that  the  average  oof^" 
sumption  of  charcoal  in  making  grey  iron  in  Sweden  shows,  on  prop^^ 
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-BY  FUEL  USED  LN  BLA?!T  FURNACES. 

rauces  being  made,  scarcely  as  good  results  as  those  obtained  id  the 
;  furouce*  of  Great  Britain,  yet  there  ai-e  in  the  list  some  remarkable 
nples  which  lead  to  a  contrary  conclusion*  Some  of  these  have  been 
pren  at  27i  and  following  pages,  from  which  it  will  be  perceived  that 
ert&in  cases  there  is  an  extraordinary  proportion  of  carbonic  acid^ 

fipared  with  carbonic  oxide. 
In  order  to  compare  the  available  heat  developed  per  unit  of  char- 
I  with  that  produced  from  each  unit  of  coke,  the  following  estimates 
t  been  compiled  : — 


iitm  uf  ohiLreoiil 
QtoiiRtl  in  blast 

C4IITi<Ht  off  in  gh9CS  . 


hyttMi,  iMt  vikett  i^j^tan.  Ko.  3.  No.  1 

OL  ^.  «^                  tt                   «.                  /. 

3776  3,077  2,394  3,303  3.e26  3J48  8,321 

169  135  200       181       268       363  219 

3.945  3»212  2.mi  3.4S4  8,894  4,111  3.540 

266  213  317        281        2*12        185  251 


p)  eqtuTidetit  of  boat  per 
^ofdian^Dol  3,679    2,99U    2.277    3,203    3,652    3,d26    3,288 


referring  to  the  estimates  of  the  quantities  of  heiit  available, 

iproiluced  in  coke  and  charcoal  famaces  respectively  it  will  be  seen 

J  at  lirst  sight,  there  la  a  very  close  correspondence,  in  this  respect, 

jfeen  the  two.     Taking  C,  D  and  E,  given  page  244,  m  fair  examples 

he  former,  we  have : — 


P«r  unit  of  Coke. 

a 

D. 

E. 

Average. 

plmition  of  coke 

3,653 

3,580 

3,268 

3,497 

■b^iued  ill  bkgt 

534 

574 

906 

1571 

r 

4,187 

4454 

4*164 

4,168 

ifried  air  iti  gimeft 

307 

369 

365 

377 

»ef al  equiviilent 

3,790 

3.785 

3,799 

8,791 

b«  Mimfik'fi  of  gas  vtete  not  taken  in  tUe  manner  now  practiscMl  in  the  Clarence 
ory.^v  131.  over  11  period  of  a  couple  of  bonrn,  bnt  over  very  nhort  ptfriotlii  only, 
lor  Akcnnau,  in  a  private  letter,  expresses  his  belief  in  their  general  correct- 
nd  pttint-*  out  that  the  quantity  of  fuel  consunied  corroboiiitt*  this  view.  In 
1  entirely  agree  j  liecansc,  if  the  weiglit  of  charcoal  fur  a  gi%'en  quantity  of  jug 
py  etated,  tlie  quantity  burnt  to  the  state  of  carbonic  acid  ij*  necessary,  in  order 
ifidc  the  quantity  of  heat  requircxl  for  the  operation. 
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In  like  manner  we  may  take  a,  $,  /  bs  illustrating  the  best 
examples  of  the  charcoal  process : — 


Per  unit  of  Oharooil. 

a. 

«. 

/• 

ATorace. 

Combustion  of  charcoal  . . 

3,776 

3,626 

8,748 

8,717 

Contained  in  blast 

169 

268 

368 

266 

3,945 

3,894 

4,111 

8,983 

Carried  off  in  gases 

266 

242 

185 

231 

Useful  equivalent 

3,679 

3,652 

3,926 

3,762 

Practically  coke,  as  supplied  by  the  Durham  collieries^  may  be 
considered  dry,  while  the  samples  of  charcoal  chosen  for  illustratioii 
contained  9  per  cent,  of  moisture.  With  this  allowance  the  two  seto 
of  figures  stand  thus : — 

Dry  Coke  Charooftl 

M  aboTe.  Dry  wd^t. 

Combustion  of  the  dry  fuel,  average     ...        3,497        ...        4,084 

Contained  in  the  blast  „  ...  671        ...  292 

4,168        ...        4,376 
Carried  off  in  the  gases 377        ...  253 

Useful  equivalent 3,791         ...        4,128 


Viewed  in  this  way,  charcoal  as  burnt  affords  about  8*5  per  centr 
more  available  heat  than  is  obtained  from  Durham  coke  of  fair  qualiij* 
There  is  however  no  proof  whatever  that  the  heating  power  of  vege- 
table exceeds  that  of  mineral  carbon;  but  there  does  appear  ample 
reason,  accepting  the  correctness  of  the  quantities  of  charcoal  stated  to 
be  consumed  in  these  examples,  and  of  the  analysis  of  the  gases  a» 
representing  an  average  composition,  for  believing  that  the  circnin- 
stances  attending  the  combustion  of  charcoal  differ  from  those  of  coke. 

There  is  not  any  material  discrepancy  in  the  loss  by  the  escaping 
gases  between  the  two  kinds  of  fuel — nothing  beyond  what  might  be 
expected  from  the  fact  that  charcoal  contains  so  much  water,  the 
presence  of  which  must  necessarily  cause  considerable  cooling  of  the 
volatile  substances  as  they  leave  the  famace.  The  great  difference  in 
the  calorific  power,  as  between  coke  and  charcoal,  arises,  as  has  been 
already  intimated,  from  the  high  ratio  of  carbonic  acid  in  relation  to 
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ic  oxide,  which  w  genemlly  found  to  prevail,  when  ueing  chiircoal, 
H  f  diis  it  appeiirs,  although  the  same  Biinibcrs  have  been 

a  ting  the  calories  developed  by  butb  kinds  of  fuel,  that 
\  tmit  of  dinrcofil  tnken  as  dry  affords  by  its  combustion  with  air 
"O^  C.  (S^*^  F,),  fully  9  per  cent,  more  heat  than  coke,  viz,  4,37S 
pries  instead  of  Sj-i*)?* 
I  Having  regard  to  the  high  price  of  charcoal,  it  is  Bomewhat  remark- 
!  tliat  more  has  not  been  done  in  raising  the  temperature  of  the 
Bt.  On  referring  to  the  Hat  uf  the  Swedish  furnaces,  pp.  276  and  277, 
lill  be  noticed  that  for  grey  lorge  iron,  in  one  instance,  it  is  as  low 
'  C,  (170°  F.)  and  that  the  average  is  only  184*^  C.  (303*^  F.) 
ting  Bessemer  irc»n  the  highest  blast  heat  is  ::if)0°  C.  (!-u2^  F.) 
>  average  273*7^  C.  (524^  F.)  It  is  true  that  in  most  civses  all 
tiie  escaping  gases  are  utili^^ed  either  in  he^iting  the  air  or  in  calcining 
iht  ure — ^thc  blowing  power  being  nsuallj  water — so  that  there  is 
naaally  no  gas  to  spare*  On  the  other  band,  notwithstanding  t)ie  loss 
<>f  heat  in  all  special  air  beating  arraiigeraents,  yet  a  much  less  expenaive 
hi'l  than  chai'coal  c^m  be  used  for  the  purpose;  and  therefore  it  seems 
•trwige  that  more  attention  is  not  paid  to  so  important  a  quoKtion  as 
tliHt  referred  to.  These  observations  have  particular  application  to  the 
fot  that  in  the  coke  furnaces  (in  the  examples  given  at  page  281)  for 
I  unit  of  fuel  btu*nt  there  are  G71  calories  due  to  the  blast  agiiinst 
\  per  unit  of  dry  charcoal. 

I  In  seeking  to  secure  any  great  economy  of  charcoal  by  inci^easing 

i  temperature  of  the  blast,  it  is  necessary  to  consider  the  difficulties 

ch  have  to  be  eneoiiutered.    In  the  instance  given  of  the  Vordern- 

foniac^,  the  charcoal  consjimied  is  12"6Q  units  per  20  of  iron. 

weight  of  the  blast  is  about  46  units,  having  a  temperature  of 

'  C,  and  containing  thereft^rc  4,770  calories.     Now  this  exceetls 

Biderably  the  value  of  one  unit  of  the  fuel,  in  the  state  in  which  it 

delivered  to  this  Vordembcrg  f am  ace  when  it  only  gave  4,111 

If  we  so  i-educed  the  cuosumption  of  charcoal  as  only  to 

4ri  units  of  blast,  and  heated  that  Wui^t  to  l^OOO"^  C.  (1,832''  R), 

beat  it  would  contain  would  hni  represented  by  J),4H0  calories  or 

[4,710  more  than  when  the  air  had  a  tempeniture  of  450°  C*    Now 

lO  calories  is  equal  to  about  (|j !',')  1'14  units  of  charcoal;  which 
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represente  the  utmost  economy  to  be  obtained  by  raising  the  temperatane 
of  the  blast  to  the  probably  unattainable  temperature  of  1,000®  C. 

It  may  be  remarked  that  any  decrease  in  the  quantity  of  vegetable 
fuel  is  not,  as  in  the  case  of  coke,  attended  with  any  material  decrease 
in  the  weight  of  limestone,  the  earthy  impurity  in  charcoal  being  basic 
in  its  nature  ahd  insignificant  in  point  of  amount. 

The  arguments  employed  up  to  this  time,  to  prove  that  charcoal  as 
used  ill  timber-growing  countries  does  not  differ  materially,  in  point 
of  quantity  required  for  a  given  amount  of  work,  from  coke  as  used  in 
England,  have  been  chiefly  founded  on  the  experience  of  fumaces 
making  rich  pig  iron  for  the  converter.  Before  leaving  the  subject,  it 
may  be  expedient  to  say  a  few  words  on  the  practice  of  charcoal 
furnaces  when  making  white  iron.  For  this  purpose,  the  two  Vordem- 
berg  furnaces  Nos.  2  and  3,  described  in  great  detail  by  M.  Friderici, 
are  selected;  the  former  of  these  is  stated,  page  274,  to  be  producing  a 
ton  of  pig  with  14-80  and  the  latter  with  1260  cwts.  of  charcoal.* 

The  heat  equivalent  of  one  unit  of  dry  charcoal  compared  with  coke 
and  calculated  in  the  manner  adopted,  page  270  (i.e.  allowing  it  w 
stated  by  Mr.  Friderici  to  contain  7  per  cent,  of  water),  stands  thus:— 


Vordernberg  White  Iron. 
No.  2.            Ko,  3.          Arerage. 

Ookflof 
Durham. 

Combustion  of  dry  fuel 

3,900 

4,030 

3,966 

8,497 

Contained  in  the  blast 

288 

390 

389 

671 

4^188 

^420 

4,304 

4,168 

Carried  off  in  the  gases 

260 

199 

230 

340 

Useful  coefficient 

3,928 

4,221 

4.074 

8,828 

All  perhaps  that  need  be  said  as  to  these  two  instances  of  charcoal 
working,  is  that  the  high  state  of  oxidation  of  the  carbon  is  still  mor« 
conspicuous  than  in  the  production  of  Bessemer  iron;  while  the  extent 
to  which  the  general  fund  of  heat  has  been  aided  by  the  heat  in  the 
blast  is  also  somewhat  higher — viz.  839  calories  instead  of  211,  whicb 

o 

latter  is  the  average  of  the  Sandviken,  Bangbro,  and  Guldsmetshyttan 
furnaces,  reckoned  upon  charcoal  in  its  dry  state. 

Experience  with  modern  Cleveland  fiimaces  in  the  manufacture 

^  There  are  some  {grounds,  for  sii])posing  that  this  (12*60)  may  be  understated* 
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'hiU  iron  is  not  SDfficieDt  to  enable  me  to  s]^uk  with  much  con- 
ice  on  tbe  heat  required  for  its  production.  Taking  it  at  84,000 
i,  as  against  58,000  for  that  made  in  the  Styrian  lnrnaLx.'a,  mid 
ig  14  unite  of  charcoal  as  sufficing  to  provide  this  latter  quantity 
sit,  we  should  i^equirt?  20*27  units  of  charcoal  to  give  the  84,o00 
im  supposed  to  l)e  required  for  proiiuciug  white  pig  from  ClevuluJid 

This  is  probably  more  than  the  outside  quantity  of  coke  which 
d  l)€  needed  to  produce  this  quality  of  metal  in  a  funiacc  of 
)0  cubic  feet. 

,part  however  from  the  mere  quantity  of  ftiel  reqnired  of  the  two 
^  there  are  differences  in  the  mode  of  working  furnaces  using 
KJiil  and  coke,  and  diflTereneeB  in  the  way  in  which  the  heat  is 
loed  from  each,  which  deserve  especial  attention. 
Fe  have  to  begin  with  the  fact  that  usually  the  make  in  a  ehareual 
ji^  is  much  larger,  in  M'lation  to  tlie  Ciipacity,  tha!i  it  is  in  a 
using  coke  as  the  fiieL     In  most  cases — certainly  it  is  so  in 

jrian  furnaces — the  ore  to  be  treated  is  much  more  rapidly 
Ded  than  many  with  which  it  may  be  oooipared.  Professor  v. 
ler  Some  years  ago  kindly  selected  for  me  a  group  of  specimens 
the  great  mine  at  Eiseoerx,  wliieh  were  subjected  to  examination, 
carefully  calcined  to  the  same  degree,  so  as  to  have  the  iron 
Ifoxidised.  The  whole  were  then  placed  in  a  closed  vessel  of  iron^ 
id  in  melted  It-ad  so  as  to  ensure,  as  far  as  possible,  the  exposnm 
D  to  the  same  temperattii^e.     This  temperature  wtus  about  400°  C. 

F,);  ^or  a  morsel  of  pure  zinc,  jilaced  alongside  them,  soflentd 
did  not  melt. 


No,  1  iva«  calcined  uMiilteri*d  spathose  ore  (Fe  CO,). 
,,    Z  calcined  BpatkoAC  ore  sUghtly  altered  hy  atmo8|ilieric  induenise, 
„    3         „  „  clmnged  to  brown  bujiimtite. 

,,    4        M  I,  u  brftuncr  gk«ki>pf. 

„    5        „  „  „  pbiuerz. 

,.6        „      CleveUiid  ore. 


be  last  was  inserted  to  serve  as  a  standard  of  comparison,  being 
aeral  with  whose  properties  I  was  m€>st  familiar. 
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Two  experiments  were  made^  in  which  pure  carbonic  oxide  wm 
passed  through  the  vessel,  each  lasting  eight  hourSy  with  the  resold 
given  below : — 

Number  of  Spedmeiu  L  2.  3.  i.            S.  6L 

O  removed  per  cent.  I      Exprt.  1 7773  91*31  29*50  42*92  17*18  41-»1 

of  original  oxygen.  ^         „       2 65*30  7410  80*30  40*80  17*00  89*30 

Carbon  deposited  per »         „       1 1*00  2*10  7*41  18*01      4*71  2i» 

lOOofFe.          ..J         „       2 1*56  2*00  7*20  18*50      4*70  2«) 

A  fresh  lot  of  the  above  specimens  was  then  exposed  for  8  houre^ 
under  similar  conditions,  to  a  mixture  of  equal  parts  by  volume  of  CO 
and  COg.    The  results  were  as  under : — 

Number  of  SpedmenB         ....  1.  S.  3.  i.  S.  6. 

Original  O  removed,  per  cent.         29*20    31*20    12*89      9*71      6*48     9*85 
C  deposited  per  100  of  Fe     ...  NU.      Nil.       Nil.       Nil.      Nil.      ML 

In  order  to  imitate  more  nearly  the  conditions  of  the  blast  ftinmoe, 
20  parts  of  calcined  spathose  ore  and  7  parts  of  bruised  charcoal  were 
placed  in  one  hard  glass  tube;  and  the  same  quantity  of  calcined 
Cleveland  ironstone,  with  8  parts  of  pounded  coke,  were  introduced 
into  another.  Both  were  exposed  to  a  good  red  heat  in  a  Hofinan's 
double  gas-fmrnace  for  45  minutes,  while  a  current  of  oxalic  gas  (equal 
volumes  of  CO  and  CO,)  was  conducted  over  the  mixture.  The  fol- 
lowing changes  were  noted : — 

Peroentago  of  PeKoeata«e  d 

Carbon  remored.      Oxygen  remofw. 

In  the  case  of  Eisenerz  ore  and  charcoal  ...        23*90        ...        31*00 

„        „       Cleveland  ore  and  coke      ...  4*90        ...        17*40 

These  results,  together  with  the  fact  that  a  much  smaller  weight  of 
carbon  has  to  be  burnt  to  supply  the  lesser  quantity  of  heat  needed  for 
smelting  Nos.  1  and  2  (the  usual  description  of  Eisenerz  ore  treated  in 
the  Vordemberg  blast  furnace),  render  it  quite  intelligible  that  the 
reduction  of  such  a  mineral  as  this  spathic  ore  should  proceed  macb 
more  rapidly  than  in  the  case  of  Cleveland  ore,  and  that  a  given 
capacity  of  furnace  should  be  able  to  do  much  more  work. 

The  trials  just  described  indicate  that  the  softer  charcoal  acts  more 
readily  both  on  the  oxide  of  iron  of  Eisenerz  and  on  carbonic  aci4 
than  the  harder  coke  can  act  either  on  carbonic  acid  or  on  the  mo^ 
stubborn  ore  of  Cleveland. 
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series  ot  expenmenca  waa  then  undertaken,  with  a  view  to  ascer- 
Uie  behaviour  of  charcoal,  as  compared  with  coke,  when  exposed 
eated  carbonic  acid. 

Hard  coke#  soft  coke  and  oharcoiil,  potinded  as  nearly  as  possible 

I  the  same  size,  were  placed  in  hard  glass  tubes  which  fcbey  filled,  and 

:  then  raised  to  a  good  red  heat  in  a  llofinan's  double  gafl-fumace. 

ring  the  space  of  30  minutes  800  c.c.  of  carefullj  dried  carbonic  acid 

\  pasfied  over  each  specimen.    The  isatiing  gaaes  had  the  following 

ric  composition : — 

Hwd  Ook«.  Son  OoJn.  Ci1ia»o«L 

C*rbonicacid     94-56        ...        60*81         ,..        35-2 

Ciurbonic  oxide 5*44         ..*        SO-ld        ..;        648 


loaw 


10000 


10000 


An  in  former  experiments,  the  soft  coke,  it  will  be  seen,  i-educed  a 
|luch  Larger  quantity  of  CO^  to  the  state  of  CO,     In  the  present  trials 
soft  coke  has  produced  about  6  times  and  the  charcoal  about 
!  times  as  much  cai'bonic  oxide  as  the  hard  coke;  and  it  has  to  be 
that,  owing  to  its  lightness,  the  weight  of  charcoal  filling  the 
[  was  only  half  that  of  the  coke. 
A  mixture  of  20  grains  of  ailcined  Austrian  spathose  r>re  with  7 
I  of  charcoal,  and  anotlier  of  20  grains  of  calcined  Cleveland  ore 
i  8  grains  of  hard  coke,  all  pounded  in  a  similar  manner,  were  placed 
I  two  hard  tube«  and  heated  to  a  bright  red  hetit.    Three  litres  of  a 
tore  of  100  volumes  of  CO  and  50  volumes  of  CO,  were  iiasst^d  over 
1  in  45  minute. 
The  loss  of  carbon  and  oxygen  was  as  follows: — 


Lou  of  O.     LoM  of  O. 
Per  f^nt.     F«r  Cent. 


fixperiment  1. — Calcined  Austrmn  ore  and  ctiarcoal 
„  2. —        „       Cleveland  ore  and  coke 


22 

6 


46-2 
22*3 


The  issuing  gwseA  had  the  following  volumetric  composition : — 


Auctrian  Ore  and 
00.  CO,, 


Cleveland  Ore  uid 

Ook«. 

CO.  00. 


10  miiint43«  ikfier  commencing^ 
45 


100 
100 
lOU 


180 
41 
38 


100 
100 


177 
76 

82 
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The  effect  of  a  previous  strong  heat,  in  rendering  carbon  less  eai 
acted  on  by  heated  iron  ore,  has  been  demonstrated  at  page  197 
the  present  work.  The  specimens  submitted  to  trial  were  exposed 
48  hours,  together  with  Cleveland  calcined  ore,  to  a  temperature 
from  588°  to  582°  C.  (1,000°  to  1,080°  F.),  and  the  percentage 
original  oxygen  removed  was  noted: — 

carbon  from  Ghaiooftldr^ 

diModated  GO.  Omaam 

O  remoTed  from  Ore.  from  Ore 

Per  Gent.  Per  Cent 

Before  ignition 2*49  ...  6-50 

After  previous  ignition  of  carbon  for  48  hours  '32  ...  1*72 

Results  similar  in  character  are  described  by  my  friend  Profess 
Akerman  as  having  been  obtained  in  the  laboratory  of  the  Stockholi 
School  of  Mines.  Specimens  of  charcoal  and  Durham  coke  were  th< 
submitted  to  a  current  of  carbonic  acid  at  different  temperatures  wil 
the  following  results: — 

PeroeiiUkgt 
Length  of  Temneratare  during  of  OO  after 

Stratum.  Experiments.  esmorare  t» 

Carbon. 
Lines.  "0.  •F.  • 

Charcoal 100  ...  319  606  ...  OO 

100  ...  393  740  ...  0-4 

100  ...  918  1,684  ...  18-0 

Durham  coke   ...    100  ...  332  630  ...  0-0 

100  ...  485  905  ...  0-3 

100  ...  906  1,663  ...  2-5 

Previous  ignition  of  the  specimens  greatly  lessened  their  action  oi 
the  CO,,  as  will  be  perceived  in  the  following  Table: — 

Percentafeof 
Length  of  Temperature  during  CO  in  Gti 

Stratum.  BzpertmenM.  after  ezponn 

toOartMO. 
Lines.  'O.  «»F.  • 

Charcoal 80  ...  515  959  ...  05 

„          80  ...  741  1,366  ...  -8 

„          80  ...  909  1,668  ...  1*6 

Coke          100  ...  814  1,497  ...  0*1 

100  ...  906  1,663  ...  1-0 

Professor  Akerman  proceeds  to  observe,  very  truly,  that  the  actio; 
of  the  blast  furnace  is  such,  that  the  fuel  has  to  reduce  the  ore  as  we 

»  Translation  of  Report  on   Manufactures  of  the  United  States  in  "Iran 
22nd  September,  1877. 
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f  proride  the  needfitl  heat  for  ftiBion;  and  he  also  remarks  that  the 
t  speedi^  any  COj  formed  at  the  tuyeres  is  converted  into  CO  the 


I  woald  point  out  that  although  the  power  of  carbon  in  charcoal 

I  coke,  as  hf>th  are  delivered  to  the  blast  furnaces,  to  reduce  carbonic 

,  to  the  state  of  carbonic  oxide,  is  expressed  by  the  ratio  13  to  2*5 

I  to  the  Stockholm  experiments),  yet  afler  previoua  ignition  it 

tillered  (according  to  the  same  experiments)  to  the  ratio  of  1*6  to  TO. 

jer  th^e  circumstances  it  may  fairly  be  considered  whether,  atler 

oal  has  been  exposed  to  previous  ignition  in  the  blast  fornace,  the 

o 

Bperat-ure  being  far  above  those  mentioneil  in  Professor  Akerman's 
acQte»  there  is  any  difference  between  coke  and  charcoal  in  their 
to  resist  the  action  of  carbonic  acid.     Indeed  it  seems  possible 
at  the  higher  temperatures  which  obtain  in  smelting  iron, 
coal  may  not  be  rendered  less  liable  t<j  attack  by  carbonic  acid 
.  coke  is.     It  may  be  also  thut  the  easily  reducible  ores  of  Austria 
with  their  oxygen  in  an  atmosphere  p>85ej5sing  a  less  energetic 
Cidi^ing  power  than  that  required  for  Buch  ores  as  are  commonly 

in  the  furnaces  of  the  United  Kingdom. 
WTjatever  inference  the  experiments  just  described  may  point  to 
^  regards  the  action  of  carbonic  acid,  generated  by  the  reduction  of  the 
on  charcoal  and  on  coke,  there  is  no  question  that  in  furnaces 
Qg  charcoal  the  ratio  of  carbonic  acid  to  carbonic  oxide  is  generally 
I  larger  than  in  fbmaces  using  coke.    It  is  indeed  this  very  excess 
fcarhonic  acid  in  the  gases  which  enables  charcoal,  with  less  heat 
iitnbuted  by  the  blast,  to  give  better  results,  in  a  heat  producing  point 
fview  than  coke. 
At  page  282  figures  were  given  to  illustrate  the  nature  of  the 
I  in  question-    These  were  as  follows : — 


ComVuKtion  of  fael  In  dry  state.. . 
CoaUined  ill  blaftt            

Cok« 
3,487 
(J71 

i.l(>8 
340 

4,084 
292 

Cimed  off  in  gases 

4,376 
253 

VhM  equivalent  in  furnACtj 

3.828 

4,123 
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Now  it  will  be  perceived  that  so  far  as  the  analyses  enable  ns  U 
judge  there  appears  to  be  a  larger  proportionate  qaantity  of  carbonk 
acid  in  the  gases  of  these  charcoal  furnaces  making  white  iron,  as  wel 
as  in  some  of  those  producing  Bessemer  iron,  than  in  any  of  the  analjsa 
of  the  gases  of  the  coke  furnaces  made  at  the  Clarence  works. 

It  is  of  course  this  larger  ratio  of  carbonic  acid  as  compared  mA 
the  carbonic  oxide  which  raises  the  co-eflScient  of  heat  in  the  case  oc 
charcoal — 4,128 — so  much  beyond  that  of  coke — 8,791. 

It  has  been  shown  at  page  287  that  soft  coke  is  more  readily  affected 
by  COg  than  hard  coke;  and  the  experience  of  the  laboratory  is  oon* 
firmed  by  that  of  the  furnace,  as  has  already  been  demonstrated,  pages 
101  and  196,  by  the  disappearance  of  carbonic  acid  from  the  gases, 
when  using  soft  coke,  and  by  the  increased  weight  in  the  fuel  consumed 
for  a  given  weight  of  iron. 

Professor  Akerman  observes  that,  anthracite  being  denser  than  coke, 
more  of  the  former  is  required  than  of  the  latter  to  smelt  a  ton  of  iron. 
By  a  parity  of  reasoning  he  supposes  that  the  superior  density  of  coke 
is  the  cause  of  its  inferiority  to  charcoal  as  a  fuel  in  the  blast  furoaoe. 
I  attach  much  more  importance  however  to  the  other  ground,  mentioned 
by  this  very  high  authority,  for  any  difference  there  may  be  in  the 
value  of  anthracite  as  compared  with  coke,  viz.,  the  tendency  it  has  tt) 
splinter,  thereby  blocking  up  the  air-passages,  and  interfering  with  the 
proper  access  of  the  reducing  gas  to  the  ore.  In  like  manner  the  more 
open  character  of  large  pieces  of  coke  aflFords  a  more  ready  exit  for  the 
ascending  gases — a  defect  which  does  not  obtain  in  the  more  closely 
packed  contents  of  a  charcoal  furnace.  This  inconvenience  is  remedied, 
in  the  case  of  anthracite  and  coke,  by  a  sufficient  addition  to  the  height 
and  cubical  capacity  of  the  furnace.  Mr.  Birkinbine,  in  his  paper^ 
referred  to  page  1 29,  describes  the  use  of  all  three  varieties  of  fuel  in  a 
charcoal  furnace  36^  feet  high,  with  boshes  of  9^  feet.  The  following 
are  his  figures  per  ton  of  iron,  using  an  ore  giving  about  40  per  cent, 
of  pig  iron  fed  with  air,  at  315°  C.  (600°  F.)  :— 

Charcoal  2250  cwts.    Coke  31*19  cwts.    Anthracite  34*56  cwtg. 

Now  it  is  well  known  that  in  a  suitably  constructed  furnace,  instead 
of  these  excessive  quantities,  22*50  cwts.  of  coke  and  about  24  cwts.  of 

*  Transactions  of  American  Institute  of  Mining  Engineers,  September,  1879' 
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Dthnacite  iire  able  to  produce  a  ton  of  pig  iron  from  such  an  ore  m 
;  referred  to. 

M^  4.?pinion«  already  expit'sgcd  in  these  pages,  is  that  carbonic  oxide 
I  incapable  of  completely  reducing  oxide  of  iron.  To  ascertain  how 
conditions  which  obtain  in  the  laboratory  are  reproduced  in  the 
furnace »  a  portion  of  slag  was  withdrawn  from  a  few  feet  above 
!  tuyeres  at  a  furnace  running  a  grey  cinder  and  making  fonndry 
Bf  iron-  The  specimen  contained  1*22  per  cent*  of  protoxide,  while 
t  running  away  at  the  level  of  the  dam  had  only  '15  per  cent. 
It  is  worthy  of  observation  that  even  when  a  fiimace  is  producing 
I  Benemer  iron,  the  cinder  is  not  absolutely  free  from  nnredurcd 
"oride  of  iron.  During  my  recent  visit  (September,  1882)  to  Neubcrg 
i  Styria,  I  brought  a  snow- white  piece  of  slag  from  a  furnace  making 
oal  Bessemer  pig,  and  found  that  it  contained  *19  per  cent,  of  FeO* 
present  enquiry  however  is  not  directed  to  mere  traces  of  iron 
in  the  slag  but  to  a  quantity  of  from  3  to  5  per  cent,,  which 
tenders  the  latter  dark  in  colour,  and  is  the  cause  of  the  iron  being 
white  instead  of  grey.  All  my  observations  go  to  prove  that  the  last 
pTtions  of  oxygen,  short  of  the  tnice  which  is  irremoYable  by  carbonic 
uj^]dt>,  hold  to  the  iron  with  great  tenacity.     It  is  therefore  easy  to 

tiprehend  that  the  hearth  of  a  furnace,  from  insufficiency  of  heat  or 
laps  from  an  excess  of  carbonic  acid*  may  arrive  at  a  position  of 
ihbrium  before  all  the  oxide  can  possibly  be  reduced  to  the  metallic 
state.    This  insuflSciency  of  heat  proceeds  no  doubt  from  the  charcoal 
iving  to  carry  a  load  of  ore,  when  making  white  metal,  beyond  that 
bich  it  is  capable  of  raising  to  the  temperature  required  for  complete 
laction. 

Notwithstanding  the  very  high  percentage  of  carbonic  acid  given 

the  occasional   product  of  some  of  the  charcoal  furnac-es  we  are 

dng,  the  quantity  of  this  gas  is  much  below  that  iictually  pro- 

by  the  action  of  carbonic  oxide  on  the  ore.     This  quantity  was 

ationed,  page  87,  to  be  equivalent  to  G'bH  units  of  carbon  as  earkiuic 

kid  for  every  20  units  of  pig  iron  produced.     In  the  six  Swedish 

aaccfl  examined  in  detail,  the  maximum  weight  of  carbon  for  the 

ne  quantity  of  iron  was  5'83  and  the  minimum  3*91,  the  average  of 

!  whole  being  4"88.    At  the  two  funiaces  of  Vordernberg  the  average 


292  SECTION  X. — EQUIVALENTS  OP  HEAT  EVOLVED 

was  4*908.  In  the  gases  from  modem  fomaces  in  Cleveland,  using- 
coke,  I  have  met  with  as  much  as  6*52  units  of  carbon  per  20  of  iron 
in  the  form  of  carbonic  acid;  and  as  a  rule  it  is  not  much  under  6  units, 
in  fiimaces  of  modem  construction  in  that  district,  it  would  thus 
appear  that  we  have  to  account  for  an  excessive  ratio  of  carbonic  acid 
in  the  escaping  gases,  at  the  same  time  that  25  per  cent,  of  the  carbon^ 
which  might  have  been  present  in  this  form,  has  disappeared. 

In  the  case  of  a  Cleveland  ftimace  I  have  already  pointed  out  that^ 
having  regard  to  the  temperature  of  the  escaping  gases,  an  average 
position  of  equilibrium  is  arrived  at  when  the  two  oxides  of  carbon  are 
found  in  the  ratio  of  a  little  under  one  volume  of  the  higher  to  two  of 
the  lower.  I  have  also  shown  experimentally  elsewhere  that,  as  tbe 
temperature  was  raised,  the  reducing  energy  of  a  mixture  containing^ 
carbonic  acid  was  lowered.^ 

It  would  appear  however  that  in  all  the  charcoal  fiimaces  whose 
gases  have  been  examined,  carbonic  acid  exists  in  considerable  quantity 
at  depths  below  the  throat  which  I  have  never  met  with  in  any  fiimaces 
in  Cleveland,  either  of  the  older  or  of  the  more  modem  type.  In  illustra- 
tion of  this  I  annex  the  following  examples,  giving  the  volumes  of 
carbonic  acid  accompanying  100  volumes  of  carbonic  oxide: — 


Fnmaoes. 

Height. 

Examined. 

BlMt. 

A. — Veckerhagen    . 

..       21 

Bunsen          

— 

B.— Clerval  ... 

..       88       . 

Ebelmen        

Cold  blast. 

C— Barum  ... 

..       28 

Sheerer  and  Langberg 

Hot  blast. 

D.— Wrbna  ... 

..      36 

Tunner  and  Rich  ter  . . . 

— 

E.-      „       ...         . 

86 

»»                  »» 

Hot  blast  400*  C. 
(752°  P.) 

F.— Cleveland 

48 

Clarence  laboratory  . . . 

Hot  blast. 

G.-      „ 

80 

i>                      r 

If 

The  following  Table  gives  the  distances  reckoned  below  the  throat, 
and  the  volumetric  quantities  of  CO,  per  100  volumes  of  CO: — 


A.— Veckerhagen 

...        3'        4i' 

6' 

7i' 

y 

12' 

15' 

— 

Vols.  CO,      . 

..      86       50 

18 

11 

12 

28 

23 



B.— aenral   ... 

,..  Throat.    4 J' 

61' 

13' 

17i' 

18i' 

25i' 

27i't}in|. 

Vols.  CO,      . 

..      55       62 

61 

31 

6 

0 

\ 

0 

C— B&nim    ... 

2'        44' 

r 

9i' 

12' 

16' 

277     118 

67 

16 

42 

29 





'  Chemical  Phenomena  of  Iron  Smelting,  page  29. 
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-Wrtnm    .„        ...  IV      17'  2a'  27'  34'  —  —       — 

V0U.CO,  125     163  44  7  60  —  *-       — 

TUtwU  18'  25i'  28'  32'  34^'^^ 

Vol*.  CO.  67        W!  51f  44i  43i  7|  —        — 

Icvdnod           ...  Throat.    H'  IH'  21^  27i'  —  -       - 

Vol*.  CO,  221       74  2  3i  5i  —  —       — 

,                  ...  Throat.  101'  ^  42'  52V  66'  70i'  Tujere*. 

Vol*.  CO,  34         6i  li  3  4i  li  0         2 


ihei 


audi 


referring  to  the  eiamples  F  and  6,  whiuh  contain  the  analyses 

gases  taken  at  different  dcptlis  of  furnaces  smelting  with  coke, 

nmy  be  said  that  although  certain  qoantities  of  carbonic  acid  are 

at  a  considerable  deptli  in  the  furnace,  reduction  of  the  ore  is 

tioaUy  completed  within  a  distance  of  25  feet  from  the  throat. 

VMf  on  referring  to  the  quantity  of  oxygen  in  the  la^ases  of  an  80  feet 

,  page  208,  it  will  be  seen  that  there  is  no  increase  of  oxygen  in 

i  after  passing  a  depth  of  20  feet  until  the  depth  of  70  J  feet  is 

and  there  the  small  increase  is  eoagidered  as  being  dee  to  u 

ixidatioo  of  silica,  etc.,  together  with  other  minor  causes  as  described, 

Section  IX, 

A  striking  contrast  to  the  state  of  things  just  described  is  that 
•rded  by  the  list  of  charcoal  works  also  given  aljove.  In  these  not 
large  quantities  of  carbonic  acid,  as  compared  with  carbcmic 
found  in  the  gases  as  we  descend,  until  the  region  neai'  the 
Jeres  is  I'eached,  bat  the  reduction  it^lf'  seems  not  to  be  effected 
»il  the  materials  reach  this  the  hottest  zone  of  the  furnace.  Tliis  is 
oved  as  follows: — 

Bitter  v.  Tunner  in  1871  made  at  my  request  a  careful  examination 
f  the  gases  of  the  Wrhna  ftirnace  (E  in  the  list)>  37 J  feet  high,  when 
ttujlting  the  spathose  ore  of  Eisenerz,  with  the  following  results 
J  weight: — 


Tf.  H,«tc.  00,.  00. 

K^capiQggwes...         .,.  54*46  *67  21*47  23'40 

^    iijoond  trial  64-00  -39  20^  23*81 

18  foet  from  throat       ..  53'58  I'Ol  19-79  26-82 

m      .,             M            ...  64-67  -27  20-«9  2487 

2B        .,             ..  55  -24  18-60  26-26 

«2         ^              ,,              ,  64  34  20  1814  27*32 

3H      „            „              .  57^6  11  4*01  87*93 


Totnlpcf 
100  Vwlii.  00 
VoIh,  CO,. 

100^ 


100  j 

100 

100 

100 

100 

100 


57 

51J 
42i 

7! 


16*89 

16*46 

1619 

16*80 

16*66 

jsa^ 

■H^ 

ss^ 

^i^ 

^^H 

18*48 

14*74 

14*21 

15*00 

15*61 

16*41 

14*40 

14*74 

13*46 

18*20 

28*89 

29*14 

28*95 

28-46 

28*81 
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From  these  fignres  has  been  estimated^  as  nearly  as  my  infor 
permits,  the  weight  of  the  oxygen,  separated  from  the  miner 
supplied  by  the  blast,  per  20  units  of  iron,  at  the  various  dept 
given.  In  the  Table  inserted  below  the  weight  of  this  oxygen  is 
together  with  the  weight  of  carbon  in  the  two  forms  of  carboni 
and  carbonic  acid,  also  per  20  units  of  iron. 

A.  R  O.  D.  E. 

▲▼wmge       18ft         Sift         Sft         »ft 

WmapingG—ei.  (T 

CirboiiMCO 10*11      11*06      10*66      11*25      11*71 

N         CO.  ...  6*78       5-40       5*53        5*05        4*95 

Total  carbon 

OxjganasCO 
CO. 

Total  oxygen 

Batio  of  C  as  CO  to  1 

as  CO,  by  weight...  176        2*05        1*93        2*23        2*37 

Per   100  Tols.  CO    - 

▼ob.CO,     57  481         51|         44^         42i 

It  may  be  well  to  state,  in  reference  to  the  ratio  whi 
reducing  gas  (GO)  bears  to  the  oxidizing  gas  COs,  that  in  each  c 
presence  of  other  reducing  gases,  such  as  hydrogen  and  man 
has  been  neglected.  This  has  been  done  purposely,  to  avoi< 
plication ;  but  the  subject  will  receive  attention  in  the  next  t 
which  will  be  devoted  to  a  consideration  of  hydrogen  and 
compounds  of  hydrogen  in  the  blast  furnace.  In  the  meantime  it 
mentioned  that  these  two  gases  often  constitute  about  one-tentl 
bulk  of  the  carbonic  oxide;  so  that,  in  taidng  a  case  where  the  a 
acid  was  57  volumes  per  100  volumes  of  carbonic  oxide,  if  the  hy 
and  marsh  gas  are  included,  the  ratio  is  reduced  to  52  volumes 
per  100  of  CO. 

These  figures  indicate  a  very  moderate  increase  of  carboE 
between  the  points  G  and  A  and  practically  what  may  be  consid 
no  increase  of  oxygen  between  a  point  2^  feet  above  the  tuyei 
the  escaping  gases;  in  other  words  that  the  reduction  of  the  • 
been  delayed  until  it  reached  the  zone  of  fusion. 

In  a  ftimace  nsing  coke,  the  upper  portion  of  the  furnace  h 
a  temperature  that  reduction  is  able  to  be  practically  completer 
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11  distance  li'oiii  me  thmat,  suy  witliiii  one  fifth  of  the  entiTB  height 
I  ftamiioe  ^60  feeL     A  pi  »si t ion  ul"  iicutrah*ty,  as  regards  deoxidation 
the  gaeeg  is  hene  regarded  as  being  attained  when  one-third  of  the 
r.iame  of  carbon  gases  is  fully  saturated  with  oxygen* 

Ft  becomes  interesting  and  important  to  know  the  rate  at  which 
bo  temperature  increases,  as  the  lower  portion  of  a  charcoal  ftiniace  is 
ched,  Ritter  v,  Tiinner  in  his  paper,  already  referred  to>^  describes 
mode,  in  which  he  expresses  great  confidenoe^  of  obtaining  this 
(tur^irmatioQ,  in  the  case  of  a  fomace  having  a  height  of  about  37^ 
ngltsh  feet.  His  plan  was  to  place  in  a  properly  constnicted  vessel 
n&  of  lead  with  silver,  with  gold,  and  lastly  with  platinum*  This 
el  was  attached  to  a  chain  of  iron,  and  permitted  to  descend  with 
!  materials  to  a  given  level,  when  it  was  withdrawn  by  being  drawn 
Dp  through  the  charges.  The  temperature  was  then  ascertained  by 
Riiding  that  some  alloy,  the  melting  point  of  which  was  known,  had 
Itecn  fused  in  the  operation. 

The  gases  are  withdrawn  from  this  furnace  by  a  lateral  tnbe  inserted 

biB  the  side  of  the  furnace  near  the  top;  escape  upwards  being  prevented 

pin  a  great  measure  by  a  cylinder  of  sheet  irou,  wljich  m  kept  filled  with 

I  ore  and  fixel.    The  chief  part  of  the  gas  therefore  leaves  the  furnace  at 

«  temperature  of  320'='  C.  (GOS*"  F.)  and  only  a  small  part  at  50°  C. 

nif  p.) 

If  we  compare  this  furnace  with  that  shown  Fig,  I,  Plate  II,  page 

7^f  a  remarkable  difference  is  perceptible.     In  the  latter,  which  is  a 

bm«ce  having  a  height  of  48  feet,  the  temperature  at  a  height  of  20 

'ffetfrom  the  hearth  is  given  at  1,850"^  F.;  whereas  in  the  eharccMil 

I  fimiaoe  shown  in  the  diagram,  a  zone  of  this  temperature  is  not  found 

•Uitil  a  height  of  only  10  to  12  feet  from  the  hearth  is  reached. 

Experiments  of  my  own«  and  others  by  Professor  Akerman,  referred 
l^pNge  288  clearly  show  that  both  coke  and  charcoal  are  leas  liable  to  be 
^>ctied  on  by  carlK>nic  acid  after  previous  exposure  to  even  moderate 
I  ^peratnres.  Both  sets  of  experimentK  h<jwever  clearly  demonstrate 
^hi  the  resisting  power  of  charcoal  was  increased  to  a  much  greater 
latent  than  that  of  coke.  It  is  very  probable  that  this  difference,  in 
Nat  of  susceptibility  to  dissolution  by  carbonic  acid,  goes  on  increasing 


*  Thtane  dc*  H»tits  founiMUx.    Revua  ITuiverMsULv  1860,    1**  i^emttitre*  p.  132. 
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with  increase  of  temperature;  and,  if  so,  it  is  intelligible  enough  thai 
a  position  of  equilibrium  between  heated  charcoal  andi^  atmosphere 
containing  carbonic  oxide  and  carbonic  acid  may  be  established,  when 
the  latter  gas  exists  in  a  much  higher  ratio  than  obtains  where  heated 
coke  is  brought  in  contact  with  an  atmosphere  containing  the  same 
two  gases. 

There  appears  no  doubt  whatever  that  the  analyses  of  the  gasee, 
quoted  at  page  294,  indicate  unmistakeably  that  they  were  then  chaiged 
with  oxygen  in  the  form  of  COg  so  low  down  as  the  point  E,  82  feet 
from  the  throat,  and  that  between  this  point  and  the  exit  they  ha?B 
been  unable  to  withdraw  any  further  quantity  of  this  element  torn 
the  ore  under  treatment. 

This  view,  as  to  the  delayed  action  of  the  gases  on  the  ore  (spathoee), 
which  thus  is  not  reduced  until  it  is  close  to  the  tuyeres,  is  amply 
confirmed  by  the  experiments  of  Professor  v.  Tunner.*  In  the  same  piece 
of  apparatus,  by  means  of  which  the  temperatures  at  different  leveb 
were  determined,  samples  of  ore  were  placed,  aud  the  rate  of  deoxidatioa 
was  noted.    The  results  of  his  experiments  were  as  follows: — 

from^op.  Temperature.  KxpoSare.  Progren  of  Beductioo. 

Feet.  ^0.  'V.  Houn. 

15(tol7i      650  (1,202)  1        First  signs. 

25ito26        850  to  900    (1,562  to  1,652)        2        First  signs  of  metaUic  iron. 

These  figures  do  not  coiTespond  in  any  way  with  the  temperatures 
at  which  reduction  first  manifests  itself  in  the  various  samples  of  ore,  etc., 
given  in  Section  V.  of  the  present  work.  Upon  this  latter  occasion  we 
had  to  deal  with  pure  carbonic  oxide,  whereas  in  Professor  v.  Tunner^B 
trials  his  specimens  were  being  exposed  to  a  mixed  atmosphere,  con- 
taining for  every  100  volumes  of  the  reducing  gas  (CO)  about  50  of 
one  having  an  antagonistic  tendency  (CO,). 

The  delay,  referred  to  above,  in  the  reduction  of  the  ore  is  however 
one  of  position  and  not  one  of  time.  It  is  true  that  when  the  ore  in  a 
coke  furnace,  smelting  Cleveland  stone,  has  reached  a  level  of  from 
one-fifth  to  one-third  of  its  height,  deoxidation  may  be  r^arded  as 
complete;  whereas,  according  to  v.  Tunner's  experiments,  at  a  distance 
of  one-half  the  height  of  the  Wrbna  furnace,  it  has  barely  begun. 
But  it  will  be  seen  that  while  in  the  Cleveland  furnace,  the  ore  has 

^  lUvne  Universelle,  1860.    I'*  Semestre,  page  460. 
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for  at  least  1:;  hoiii'B  to  the  gHsee,  in  that  ofWrbna  it 
filf  tli^ieight  of  the  famace  in  one  sin^^le  hoar, 
lis  l)weriDg  in  level  of  the  zone  of  reduction  gives  rise  to  the 
ition  of  carbonic  acid,  at  depths  when  little  or  none  is  formed  in 
furnaces  mth  which  we  are  comparing^  that  of  Wrhna. 
ber,  it  maj  be  obeeiTed  that,  were  the  process  of  reduction  effected, 
lliimiioe  usmg  coke,  at  the  temperatni^e  at  which  it  is  ruirried  on 
coal  furnaces,  it  is  most  probable  that  the  carbonic  acid  {uoduced 
would  be  resolved  into  carbonic  oxide  hj  the  hi^i^hly  heated 
of  the  coke.     Under  these  eircametances  I  am  led  to  the  con* 
on,  that  charcoal  has  its  power  of  I'esistin^  the  solvent  action  of 
onic  acid  increased,  by  previous  ignition  at  elevated  temperatures, 
141  higher  degr^f  than  coke, 

seeking  to  assign  a  cause  for  the  ditferent  modes  of  action 
bited  by  chaiHx>al  and  coke,  I  labour  under  the  disadvantage  of  not 
able  to  test  the  accuracy  of  ii\^  conclusions  (as  I  have  so  often 
.  time  to  time,  in  smelting  with  coke)^  by  an  appeal  U)  the 
itaelf.    All  I  can  do  is  to  consider  each  point  as  it  occurs,  and 
m.^  it  by  the  information  in  my  possession.     As  an  example,  one 
'  conceive  that  as  time  is  an  element  in  the  deoxidation  of  the  ore, 
also  may  be  an  element  in  the  deoxidation  of  cai^bonic  acid  by 
Having  regard  to  the  make  of  a  Cleveland  furnace,  with"  a 
dtf  of  25,00(1  cubic  feet,  the  weight  of  gases  escaping  at  the  throat 
ffce  taken  at  410  cwts.  per  hour;  whereas  from  the  Vordeniberg 
e,  Ko.  2,  ah*eady  referred  to,  with  a  capacity  of  only  1,120  cubic 
cwts,  of  gases  are  passing  away  per  hour.    This  means  that 
[current  of  gas  through  the  smaller  furnace  has  about  three  times 
of  that  pasaing  through  the  greater. 
lien  however  we  come  to  compare  a  coke  furnace,  of  a  capacity  of 
^  cubic  feet,  with  the  Tordernberg  No.  3,  of  3,t;€4  cubic  feet,  the 
\  assumes  a  different  aspect.    The  coke  furnace  of  6,000  cubic  Ibet 
\  about  222  cwts.  of  gases  jxjr  hour  against  101  cwts.  given  off  by 
raberg  No.  8,  of  S,B64  cubic  feet.     Here  we  have  tlie  cuiTeut 
ag  thi'ough  the  coke  furnace  at  a  speed  about  one  and 
3mc8  greater  than  those  of  the  charcoal  furnace. 
the  facts  as  just  stated,  it  may  be  considered  as  proved  that 
ape  of  so  much  carbonic  acid  from  a  charcoal  furnace  cannot  be 
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set  down  in  any  way  to  its  want  of  opportunity  of  surrendering  oi 
equivalent  of  its  oxygen  to  the  heated  carbon,  with  whi|^  it  is 
in  contact  during  the  process  of  smelting. 

Whatever  the  cause  may  be,  the  generation  and  retention  of  a 
quantity  of  carbonic  acid  near  the  tuyeres  renders  the  gaaes  contaimflj 
it  incapable  of  acting  on  the  freshly  charged  ore,  exposed  to 
influence  on  their  way  to  the  point  of  exit.  This  altered  condition 
things  confines  more  than  four-fifbhs  of  the  entire  height  of  the  fiinuM 
to  the  simple  office  of  intercepting  the  heat  which  remains  unutflixed^ 
after  reduction  is  completed. 

There  is  at  Schwechat  near  Vienna  a  pair  of  furnaces 
mineral  fuel  for  smelting  the  ore  of  Eisenerz  which  might  have  afforded 
an  opportunity  of  testing  the  soundness  of  the  conclusions  I  have  beeft 
led  to  form  on  the  subject  of  charcoal  smelting.  Unfortunately  I 
not  in  possession  of  all  the  data  required  for  undertaking  sach 
examination.  At  these  works  a  mixture  is  employed  of  coke,  of  a  some* 
what  inferior  character,  with  raw  coal.  The  consumption  per  20  uniii^ 
of  pig  iron  was  given  at  22  units,  say  16  of  coke  and  6  of  raw  ooaL 
The  impurity  of  the  coke  necessitates  the  use  of  limestone,  whichy  1 
together  with  an  increased  weight  of  slag  and  other  sources  of  heat  | 
absorption,  etc.,  may  easily  account  for  the  increase  in  the  consomptioft 
of  fuel. 

Having  regard  to  the  low  temperature  to  which  the  blast  is  heated 
for  charcoal  furnaces,  we  are  naturally  led  to  ask  what  the  effect  would 
be,  as  regards  the  relation  which  the  two  oxides  of  carbon  bear  to  eadl^ 
other,  of  the  application  of  superheated  air;  for  this  is  the  questioQ 
whose  answer  must  necessarily  determine  the  possibility  of  any  econcmiy 
in  the  charcoal  used.  My  enquiries  at  Vordemberg  rather  tended  to- 
the  conclusion  that,  when  13  or  14  units  of  charcoal  were  being  used 
per  20  units  of  iron,  there  had  not  been  any  notable  saving  efSscted  by 
raising  the  temperature  of  the  blast.  Bitter  v.  Tunner  on  the  other 
hand  expressed  to  me  his  belief  that,  by  suitably  increasing  the  heat  of 
the  air,  Bessemer  iron  might  be  produced  with  as  small  a  quantity  of 
fuel  as  is  now  required  in  making  white  iron.  He  does  not  however 
state  that,  by  the  same  means,  white  iron  should  be  made  with  some- 
thing less  of  fuel,  although  this  inference  may  fairly  be  drawn. 

I  apprehend  nothing  short  of  actual  experience  oan  settle  thlBpoiiit 
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"would  do  at  present  is  to  express  an  opinion  of  what  might 

to  what  hafi  preceded  on  this  subject,  we  may  assume  that 
1,  previonsly  i^ited  in  the  furnace  at  a  tempemture  of  1,850^  F,, 
at  a  position  of  neutrality,  as  regards  carbonic  acid,  when  this 
J8t«  in  the  ratio  of  50  volumes  to  100  volumes  of  carbonic  oxide. 
bffect  of  introducing  a  ftirther  quantity  of  heat  in  the  blast  would 
ate  the  temperature  of  the  lower  zone,  say  that  between  E  and 
i2M,  Such  a  cliange  might  at  once  alter  the  power  of  the  gases 
ill  retain  so  large  a  ratio  of  carbonic  acid  as  they  hail  hitherto  held. 
assume  that  5,r>0(>  calories  per  20  units  of  iron  had  been  so 
and  that  the  addition  had  displaced  carbon  existing  as  carbonic 
the  extent  of  one  unit.  By  this  transfer  '>,r>0< )  c^dories  would 
orbed;  and  the  sum  of  the  heat  would  thus  remain  nnchanged  not 
'  near  the  point  6  but  presumably  upwards  to  the  point  of  exit, 
i  of  two  things  would  happen;  either  the  asfjcnding  gases,  en- 
[  by  the  addition  of  the  unit  of  carbon  as  cai'bonic  oxide  referred 
oold  be  enabled  to  separate  a  corresponding^  equivalent  of  oxygen 
i  the  ore;  or^  their  solvent  power  over  carbi>n  being  promoted  by 
temperature  derived  from  the  superheated  air,  an  absorp- 
i  of  carbon  would  take  plai^^,  which  would  iTconvert  the  carlx>nic 
I  genera  ted  by  the  act  of  reduction  into  carbonic  oxide. 
In  the  first  case  there  would  be  an  economy  of  fuel  represented  by 
C4ilories.  In  the  second,  the  heat  contributed  by  superheating 
|l blast  would  be  reabsorbed  by  the  diminution  in  the  quantity  <>r 
do  acid  contained  in  tbe  gases;  in  other  wurJs,  there  would  be 
Dnomy  in  the  charcoal,  and  the  heat  genemted  to  .superheat  the 
'  would  be  so  much  loss. 
A  third  contingency  might  arise,  viz.  the  tpiantity  of  carbonic  acid 
jBjtbe  gases  might  suffer  a  diminution  short  of  tbat  required  to  absorb 
^B,600  calories:  in  that  case  there  would  be  a  corresponding  economy 
^■kl;  but  to  what  extent  this  would  happen,  my  information  on  the 
P|bct  docu  not  enable  me  to  conjecture. 

As  bearing  upon  this  question,  it  may  be  well  to  mention  that 
|ta|r  V.  Tunner,  in  liis  paper  on  the  theory  of  the  blast  furnace 
^peti  abnot  18GU,  gives  the  cousumption  of  charcoal  in  the  Wrbna 
H|ce  at  about  14  nnits  per  20  of  pig,  the  bla^t  lieiug  heated  ta 
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200°  C.  (892°  F).     Subsequently  the  temperature  of  the  blast 
raised  to  400°  C.  (752°  F.),  when  the  consumption  of  charcoal  was  gy 
as  being  18*20.    Whether  the  saving  was  solely  due  to  the  change  ii 
the  temperature  of  the  air  I  am  unable  to  say. 

It  may  be  well  to  work  out  approximately  the  temperature  of 
blast  required  to  effect  the  whole  of  the  saving  just  referred 
supposing  the  same  to  be  possible.    This  I  propose  doing  upon 
basis  of  the  estimate  applied  to  the  Yordemberg  fiimace  No.  8, 
284 ;  in  which  however  it  appears  possible  that  the  consumption 
charcoal  was  somewhat  understated. 

Here  the  weight  of  charcoal  assumed  in  the  figures  of  M.  Frid 
was  12'6  units  per  20  of  pig  iron,  requiring  about  46  units  of  air. 
this  quantity  of  fuel  is  reduced  by  1  unit  of  carbon,  or  say  1-2  units 
charcoal,  the  air  required  for  its  combustion,  oxidised  as  it  was  in 
case  would  be  about  41^  units. 

The  blast  in  the  estimate  (weight  46  units)  was  heated  to  450^  (f^ 
(842°  F.)  and  contained  4,950  calories.  Under  the  altered  conditioD9^-i 
the  weight  of  the  air  will  be  reduced  to  41^  units:  and  to  load  Qngk: 
quantity  with  10,550  calories  (4,950  +  5,600),  a  temperature  of^ 
1,063°  C.  (1,945°  F.)  would  be  necessary— a  temperature,  it  i»^ 
conceived,  which  would  be  found  impracticable  to  generate  or  maintaia* 

POSTSCRIPT. 

Since  writing  the  preceding  pages  of  the  present  Section,  No.  $m  \ 
Vol.  III.  of  the  Journal  of  the    "United    States   Association  of  \ 
Charcoal  Iron  Workers"   has  come  to  hand.     It  contains  the  finfc  ' 
account  I  have  met  with  of  the  application  of  superheated  air  Uf 
charcoal  furnaces,  as  well  as  some  particulars  of  similar  furnaces  blown 
with  air  ofmore  moderate  temperatures.  The  descriptions  unfortunately 
do  not  embrace  all  the  data  required  for  a  proper  estimate  of  the  natnre 
of  the  work  performed.    So  far  however  as  my  information  pennits  I 
purpose  instituting  a  comparison  among  the  furnaces  in  question,  and 
between  them  and  some  of  those  abeady  referred  to  in  these  pages. 

The  ore  smelted  in  these  American  furnaces  is  very  rich,  and  con- 
tains so  little  impurity  as  to  require  a  very  small  addition  of  limestone. 

The  following  particulars  have  been  abstracted  from  the  journal 
referred  to.  The  whole  produce  was  grey  iron,  equal  to  an  average  of 
something  above  No.  3 : — 
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Ffnin  tht*  yield  and  qnantity  of  limestone,  and  assuming  2  per  cent. 
mil  in  the  charcoal,  I  have  calculated  tlie  weight  of  slag  produced, 

I  the  heat  required  for  its  fnsion  for  the  three  furnaces  of  which  the 
aired  data  wpre  ^ven:^ — 

ftXsTT,  5 '51  rwiM,  of  slag  per  ton  of  pig  needs  3,030  caloricfi  for  fusion  of  the  tlag. 
,9-20  ,.  M  M  5,060 

0-34  „  M  „  3,490 

I I  have  also  estimated  approximately  the  following  factors : — 

Weight  of  bl*st  per  20  units  iron,  cwt.    .. 

Eflcapiiig  gtt»e«    „ 
C&loneii  ill  bloat  „ 

eacftpbig  gaaes      „        (taken  at 
ftvemge  temperature  for  charcoal  farnaces)      4,176        3t696         3,168 

In  like  manner  the  approximate  quantity  of  heat  absorbed  is  as 


6«nj|or. 

MidlMlA 

Martel. 

51 

48 

42 

87 

77 

66 

5,318 

5.492 

7.864 

Pttsionof&lag 

Decomposition  of  H»0  in  bhat 
EtjmiHion  of  CO^  in  fltut 
Decomposition  of  CO,  in  flujt    .,. 
Evrnpomtion  of  H  ^O  in  f  ael,  awHum- 
Ing  15  per  cent, of  moisture  in  all 

Redaction  of  iron 

Car l^m  impregnation 

Reduction  of  tuetalloidii , . 

Tranftmiasion  through  walls 

Lcwt  in  tuyere  water 

tllL 

Lost  in  gaies 


3,030 

Midlanel. 

»Urtd 
.     8.490 

1.360     . 

..     1.360     .. 

,     1.020 

50U     , 

i.iai     . 

296 

512     . 

..     1,216 

307 

1,398 


1,242 


1,022 


33,000 

..  33.000     .. 

33,000 

1,440 

,.     1.440     .. 

LHO 

2,000 

2,000     ,. 

2,000 

1,800     . 

,.     1,800     ., 

1.800 

900     . 

..        900     .. 

900 

4,1 7fi     , 

3,096    .. 

62.898 

8,168 

60.116 

4S.H3 
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The  heat  afforded  by  the  fuel  is  thus  estimated : — 

Bugor.  Midluid.  Ifartel. 


Heat  required  as  per  estimate 

of  requirements     

60.116     .. 

.     52398     .. 

.     4a443 

Heat  estimated  in  blast 

5,318     .. 

5,492     .. 

7,864 

Derived  from  charcoal...        44,798    ...     47,406    ...     40,579 


From  the  figures  contained  in  the  above  statements,  the 
afforded  by  the  fuel  consumed  per  20  units  of  pig  (burnt  with  a 
0°  C.  (32°  F.)  is  arrived  at  as  follows: — 

Oaloriei 
Units  Fad.      par  Unit  of 
CharooaL 

Bangor 44,798     +     17*50     -     2,519 

Midland 47,406     +     1554     »     8,088 

Martel 40,579     +     13*22     -     3,069 

If  we  refer  to  the  heat  evolved  in  the  case  of  the  Swedish 
Styrian  furnaces  given  at  pages  274,  276,  and  277,  it  will  be  found 
heat  equivalent  is  higher  when  the  blast  is  heated  to  more  mode 
temperatures  than  that  indicated  by  the  figures  just  given: — 

hytun.      berg.       Tiken.     ^^     ^^^     j^^^    Arerage. 
Temperature  of  blitst, 

in  degrees  C.        ...     200       200       280       230       300       450       832^62 
Percentage  water  in 

charcoal,      average 

Swedish  15i%    ...        13         18         18         16  7  7         11 


Heat  from  combustion 

of  charcoal,  calories  3,776    3,077    2,394    3,803    3,626    3,748    3,321 
Heat     contained     in 

blast,  calories       ...      169       135       200       181       268       363       219 


3,945  3,212  2,594  3,484  3,894  4,111  3,540 
Less    carried    off    in 

gases,  calories      ...     266  213  317  281  242  185  251 

Net   heat  equivalent 

of  fuel      3,679  2,999  2,277  3,203  3,652  3,926  3,289 

Estimated  in  this  way  the  three  American  furnaces  give  the  i 
lowing  figures  per  unit  of  charcoal,  as  it  is  received  (moist  weight) 
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Tempenilm  ot  blast  *"  C 

4-101 

2,519 
304 

482 

ICut«L 
790 

571- 

l.OWF. 

Cinnbuitiini  of  charcoal  . 

Cootaiiied  in  blast 

3.068 
359 

3.060 
597 

2,802 

418 

8,310 
238 

CuTtedcxff  hi  gues 

2.823 
238 

3,441 
238 

3,66fi 
239 

Net  equiYftlcnt 

2,&65 

3,20a 

3427 

3.072 

JOn  comparing  the  actual  ijuuntity  of  heat  evolved  by  combustion 

.air  at  O*^  C.  (32°  F.)  it  would  appear  that  the  equivalent  of  heat 

obtained  from  one  unit  of  charcoal  has  in  these  cases  declined 

ttie  blast  is  increased  in  temperatui-e ;  in  other  words  that  the 

irtion  of  carbonic  acn'd  in  the  C8capin«:  gases  seems  to  have  fallen 

the  application  of  superheated  air.     Of  course,  in  dealiug  with 

%ures  bt»fore  ns  we  are  labouring  under  the  disadvantage  of  not 

inforTUod  as  to  the  percentiige  of  water  in  the  charcoal  used 

le  furnaces  of  the  United  States,     It  k  not  likely  however  that 

nld  contain  more  moisture  than  that  given  for  the  first  four  of  the 

furnaces,  with  which  we  are  comparing  them.      As  stated 

the  average  for  these  four  amounted  to  15j  fH?r  cent. 

The  average  heat  equivalent  per  unit  of  charcoal  of  these  four 

Airnaces  works  out  as  follows : — 


Average  temperature  of  blut 

Corobustion  of  chArroftl 
Cootiuued  in  bliut 


227rC  - 

3,137  Cm 
171 

-441° 
lorie& 

F. 

3,308 
209 

3,039 

I  ID  escftping  giuei      

K«t  eqmvaknt 

So  far  as  these  examples,  founded  on  the  information  contained  in 

'American  Journal," enable  us  to  form  an  opinion,  the  introduction 

■fiuperheated*'^  air,  as  at  Martel,  or  even  of  air  less  intensely  heated, 

the  Bangor  and  Midland  furnaces,  has  been  attended  with  a 

ainution  of  the  heat  evolved  by  the  mere  oxidation  of  the  charcoal. 

'  Ujr  the  ^ord  BTipcr1ie&t<Ml  I  mean  lur  tlmt  ib  heated  above  the  tcmpcnitiire  at 
Iclt  it  ou»  MifeU  be  done  in  tni'Ul  pipes. 
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This  is  plainly  percepfcible  on  comparing  the  figures  of  the  Swedif 
works,  where  3,137  calories  are  afforded  for  each  unit  of  charooa 
with  3,069  calories  at  Martel  and  with  2,519  and  8,088  at  Bangor  aii< 
Midland  respectively.  The  deficiency  of  heat  afforded  by  theooir 
bustion  of  the  charcoal  is,  on  the  whole,  nearly  compensated  for  b 
the  extra  heat  contained  in  the  blast ;  and  that  which  is  wanting  i 
this  respect  is  made  up  by  the  smaller  quantity  carried  off  in  th 
escaping  gases.  The  extent  of  this  last-named  item  is,  in  the  abeenc 
of  any  data,  an  assumed  one,  the  temperature  being  taken  as  the  sam 
as  that  of  the  Swedish  furnaces  and  the  above  saving  is  merely  th 
result  of  the  calculated  diminished  weight  of  the  gases  themselves. 

On  comparing  the  Midland  and  Martel  furnaces  alone  with  th< 
four  in  Sweden,  the  use  of  air  heated  to  686*^  C.  (1,177®  F.)  in  th< 
former  instead  of  227^°  C.  (441  F.)  in  the  latter  has  been  attended 
with  an  improvement  of  nearly  9  per  cent,  in  the  net  usefdl  effect  of 
the  fuel. 

The  pig  made  in  the  Martel  furnace  was  good  grey  iron, 
averaging  about  2*50 ;  and  at  first  sight  the  production  of  20  nnito 
of  such  quality  with  18*22  units  of  fiiel  seems  extraordinary  work. 
The  value  of  the  carbon  in  the  charcoal  used  is  further  enhanced,  after 
deducting  15  per  cent,  of  water  and  2  per  cent,  of  ash,  leaving  onlj 
10*98  units  of  actual  carbon  to  perform  the  work  of  the  furnaces. 

To  compare  this  with  a  coke  furnace  using  22  cwts.  of  coke  per 
ton  of  iron,  we  will  assume  87,000  calories  to  represent  the  heat 
required  in  a  fiirnace  producing  Cleveland  iron.  *  Now  22  of  coke 
containing  91  per  cent,  of  carbon  represents  20*02  of  the  latter  element 
Adopting  these  fe<ctors,  to  ascertiiin  the  heat  equivalent  of  the  10*98 
units  of  carbon  in  the  charcoal  as  compared  with  that  in  coke,  we  have 
20*02  :  87,000  : :  10-98  :  47,212.  On  referring  to  the  heat  oonsideied 
approximately  (page  301)  as  being  required  for  the  iron  produced  in 
the  charcoal  furnace  it  will  be  seen  that  it  amounted  to  48,448  calorieer 
so  that  according  to  these  calculations  one  unit  of  the  vegetable  carhon, 
burnt  with  superheated  air,  has  afforded  a  trifle  less  heat  than  the 
mineral  carbon  burnt  with  blast  at  about  1,000°  F. 

*  For  the  causes  which  render  so  mach  more  heat  being  necessary  to  prodoee  • 
ton  of  pig  from  Cleveland  ore  than  from  the  richer  ores  treated  in  these  ehsrco^ 
f nmaces  the  reader  is  referred  to  the  elements  of  absorption  given  page  275  ^ 
elsewhere  in  this  work. 
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SECTION  XI. 


OK  HYDEOQEN  AND  CERTAIN  HYDROGEN  COMPOUNDS 
IN'  THE  BLAST  FURNACE. 

In  those  dmsioBB  of  ttU  work  which  have  dealt  with  the  redoctioa 
M  iron  or©  in  the  blast  faraace,  carbonic  oxide  has  been  alone  con- 
as  the  reducing  agent.     This  gas,  ii^deed,  has  been  regarded 
Boffioing  to  account  for  aU  the  phenomena  which  take  place  in  the 
redacing  zone.    At  the  same  time,  on  referring  to  the  varions  analyses 
pxan  in  previous  sections,  it  will  l>e  found  that  hydrogen  appears 
u  g  constituent  in  most  cases,  and  when  it  does  not  so  appear,  its 
«uni«Bion  from  the  Ust  mast  not  be  construed  as  an  indication  of  its 
I  «titire  absence;  for  in  point  of  fact,  this  element,  in  greater  or  less 
'*•:  ritiee,  is  always  to  be  found  in  the  gases  which  are  generated  in 
1  ag  iron. 
In  addition  to  the  reason  given  above,  for  not  complicating  the 
.■ttcription  of  the  process  by  taking  any  account  of  the  small  weights 
■  hydrogen  which  are  present,  tliere  is  the  further  possibility,  that 
Hliagas  may  be  nearly,  if  not  entirely,  inert  so  far  as  the  direct  office 
iBieduction  is  concerned.    This  statement  however  must  be  given 
Hith  some  httle  reserve,  owing  to  the  difficulty  of  determining  the  be- 
Iprionr  of  such  small  quantities  of  this  gas  as  ai'e  usually  found  in 
fiinmoes  where  the  fuel  is  coke  or  charcoal. 

It  is  pretty  clear  that  the  moisture  in  the  air  or  the  introduction  of 
water  in  some  way  or  another^  as  by  accidental  leakings  from  the 
will  account  for  the  presence  of  hydrogen  in  the  hearth, 
r  the  throat  imperfectly  charred  wood  or  coal  will  be  a  frequent 
of  hydrogen,  as  well  as  of  its  carbon  compounds.     It  therefoi-e 
&  impossible  to  say  whether  those  variations  which  occur  in  the 
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quantities  of  this  element  found  io  the  escaping  gafiea,  are  due  U> 
changes  in  the  quantity  of  water  dccompoaed  in  the  zone  of  fusion; 
or  to  alterationfi  in  the  amount  of  liydro-carbons  liherated  in  the  upper 
5W)ne  of  the  furnace;  or  to  a  certain  portion  of  these  hjdro-carboiiB 
having  disappeared,  by  conversion  into  water  either  in  the  deoxidizing 
of  the  ore  or  through  other  i*ear.tions  to  be  presently  mentioned. 

As  an  example  of  the  varying  quantities  of  hydrogen  passing  off 
from  a  coke  furnace,  I  would  refer  to  the  volumetric  analyses,  at  page 
178,  of  gases  taken  at  difi'erent  times  of  the  same  day  from  the  Wear 
famace  having  a  capacity  of  17,500  feet: — 

Hour 1145  1220  12-40     TO       1'20    ZO      22S 

Vo1«.of  Hp^r  100 of  escaping gasea...     M       3*3       3'8      21       3*2       2'2      4^ 

Ten  trials  at  one  of  the  Clarence  furnaces  (page  196)  gave  an  average 
of  1'31  vols,  of  hydrogen  per  100  of  gases.  The  different  figorea 
were: — 

Noniber  of  trial 

Per  eent.  of  hjdrogKn     .    15     IS     1$     "9      8     1*0     1'5     14    1*4     1'6       1"SX 

For  one  of  the  Clarence  furnaces,  of  25,500  cubic  feet,  the  followixEi; 
analyses  are  given  at  page  200:^ — 

Vola.  of  H  per  100  yqLi.  of  gaaes      ...        -85  76  ^20 

Four  eicperimentfi  on  samples  of  ga9e%  taken  at  different  times  six  feet 
ahovc  the  tuyeres  at  the  same  furnace,  gave  the  following  figmes. — 

Yob,  H  per  100  voli.  of  gM$m         ...        -2  1*3  1*3  "^ 

In  all  the  instances  just  cited,  the  analyses  were  made  in  tht* 
ordinary  way,  by  explodon  with  oxygen  in  eudiometers.  Want  of 
accuracy  in  the  tubes  themsdves,  and  the  occasional  amalln^s  of  the 
iiuantities  to  be  dealt  with,  induced  me  to  try  a  different  plan;  for  I 
was  andouB  to  ascertain,  as  correctly  as  possible,  the  proportion  borw 
by  hydrogen  to  carbonic  oxide  in  the  ordinary  reducing  gas  of  ihc 
furnace. 

Three  litres  of  the  escaping  gases  were  drawn  from  the  Vim 
furnace,  and  passed  through  tubes,  cantaining  respectively  potash, 


L 

2. 

3.      4.     5.      6. 

7. 

8. 

9.      10. 

1-5 

1-5 

1$     -9      8     1-0 

1-5 

1-4 

1*4    1-6 
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iBlpimric  add  and  chloride  of  calciomy  whereby  all  carbonic  acid  aiid 
jmtore  were  removed.  The  gas,  consisting  then  of  nitrogen,  car- 
hiiic  oxide  and  hydrogen,  was  conducted  over  red-hot  oxide  of  copper, 
ilricb  ocmyerted  the  carbonic  oxide  into  carbonic  acid  and  the  hydro- 
gen into  water.  By  this  treatment  the  following  quantities  of  hydrogen 
loe  obtained  per  100  of  carbonic  oxide  present : — 

Hydrogm  to  100  of  OO. 
iMilHyfhNn  wbkh  gucs  were  withdrawiL  By  Weight.  By  Volume. 

ATerafe. 

A.'—EaeKf&Dg  gaaeB  mean  of  two  trials 

B-  Vb.  do.  ...      -86  5-   -908 

C-  Do.  do. 

D.-^  feet  above  tuyeres... 

•586 

Do. 


-63^ 

-64) 


Let  ns  sappose  the  case  of  a  furnace  emitting,  per  20  units  of 
iron,  gases  having  the  following  composition  by  weight : — 

Ovb.Aflid.       Garb.  Oxide.       Hydrogen.        Kltrogen.  Total  Untta. 

23-  35-  -316  80-  =  138-316 

At  the  tuyeres  there  would  be  a  mere  trace  of  oxygen  derived 
from  the  ore,  nor  would  there  be  any  carbonic  acid  separated  there 
from  the  limestone.  Approximately  therefore  each  20  units  of  iron 
would  be  accompanied  by  the  following  weight  of  gases  at  the 
^yeres: — 

Garb.  Add.       Garb.  Oxide.       Hydrogen.        imrogen.  Total  Units. 

NiL  47-  -276  80*  -  127-276 

In  both  cases  the  weight  of  the  hydrogen  is  computed  from  the 
weight  of  water  given  as  having  been  collected  after  passing  the  gases 
over  the  oxide  of  copper. 

We  then  have : — 

Unite  H. 

Hydrogen  for  20  units  of  iron  in  the  escaping  gases «■  *316 

„  „  „        at  the  tuyeres  as  above  '275 

Increase  in  the  escaping  gases     ...       -041 
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It  is  very  probable  that  part  or  even  all  this  apparent  increase  mmy 
be  due  to  hydrogen  given  oflF  by  the  coke;  but  what  seems  very  evideirf 
is  that  any  amount  of  reduction  effected  by  this  gas  is  of  a  very 
insignificant  character,  so  far  at  least  as  the  figures  just  given  an^ 
capable  of  affording  the  necessary  information. 

I  have  endeavoured  to  ascertain  from  the  labours  of  other  enquirers- 
the  changes  which  hydrogen  and  its  carbon  compounds  experieDO^ 
during  their  passage  through  the  column  of  materials  which  fills  ^ 
blast  furnace.  These  gases  appear  in  the  following  quantities,  per  100* 
volumes^  in  the  different  furnaces  below,  as  quoted  in  a  paper  by 
M.  Ebehnen.i 

VXOKERHAOKN  OLKKVAI. 

(0H41tO0AL).  (OHABOOAL). 


Speaking  generally,  it  cannot  be  said  that  any  of  the  examples 
given  by  this  early  enquirer  into  the  action  of  the  blast  furnace 
indicate  any  notable  deoxidation  having  been  effected  by  means  of 
hydrogen. 

I  have  not  been  able,  in  dealing  with  the  well-known  paper  of 
Messrs.  Bunsen  and  Playfair,  to  make  out  a  satis&ctory  statement 
from  which  I  can  calculate  the  weight  of  hydrogen  which  enters  the 
furnace,  with  a  view  to  compare  it  with  the  various  analyses  given  by 
these  chemists.  According  however  to  the  tabulated  results  given 
below,'  there  would  appear  to  be  a  notable  diminution  of  hydrogen 
and  hydro-carbons  between  the  point  d  and  the  point  a,  the  latter  being 
close  to  the  point  of  final  escape. 

*  Anxudes  des  Mines,  Tome  XIX.,  1881,  p.  89. 
'Tnuisactiong  of  Britiih  Ajsociation  for  Advancement  of  Science,  1846,  p.  148^ 
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■ 

4 

fnm 
6 

mnoctst 

55-35 

CrtoOKati. 

Cu-b.  Aeid. 

7-77 

25-97 

bobcuid 
HjTdj^gifii. 

10-91 

Vol. 

100 

h 

8 

5476 

^ 

0*42 

20-24 

1569 

» 

100 

c 

a 

52-57 

— 

9-41 

23ie 

14-86 

- 

100 

4 

u 

50-95 

_- 

9-10 

19-32 

2063 

- 

100 

I 

17 

5549 

— 

12-43 

1877 

13-31 

- 

100 

1 

20 

60-46 

lo-a^ 

19-48 

923 

- 

lOO 

r 

23 

58-28 

trace 

819 

2a-97 

656 

- 

100 

k 

U 

6675 

trace 

1008 

i519 

7*98 

= 

10(> 

i 

U 

58*05 

1*84 

om 

3743 

318 

- 

lOO 

It  would  not  however  be  safe  to  conBect  these  hist  analyses  with  the 
Bd  that  hydrogen  has  actually  served  the  purpose  of  reducing  any 
ride  of  iron  in  the  furnace.  Among  a  vast  amount  of  vaUiable  infor- 
Lion^  contained  in  the  paper,  there  is  an  absenoe  of  certain  factors 
for  making  a  close  oomfKirison  of  the  behaviour  of  the  varions 
I  during  their  progress  upwards  among  the  materials.  Here  are 
bdeed  certain  irregularitiee  in  the  composition  of  the  gases,  taken  at 
Bferent  levels  of  the  furnace,  which  far  exceed  anything  I  have  met 
rith  in  my  own  researches.  Thus  at  a  deptli  of  24  feet  from  the  throat 
hiTe  ttpf)car  to  be,  taking  79 '2  units  of  nitrogen  as  a  standard  of 
omparison,  3r6  units  of  oxygen;  as  against  only  29*7  units  of 
:ygen  at  a  point  5  feet  below  the  top  of  the  fnmace.  The  oiygen 
kerefore  instead  of  increasing  as  we  approach  the  outlet  is  less 
it  waa  24  feet  from  the  throat.  The  authors  of  the  paper 
lit  the  anomaly;  alleging  that  the  mean  composition  of  the  gas^s 
\  {sic)  lie  determined  where  the  evolution  of  gas  by  distillation  is 
I  its  maximum.  This  may  be  true  as  regards  the  proportion  which 
and  its  carlxm  compounds  hear  to  the  joint  quantity  of 
Bn  and  oxygen ;  but  it  is  not  very  clear  why  the  relation  which 
last  mentioned  elements  bear  to  each  other  should  be  so  much 
rbed. 

Viewing  the  instances  already  de8cril>ed  as  a  whole  it  cannot  he 

bfl  that  there  is  any  good  groimd  for  believing  that  the  hydrogen 

*  the  gases  actually  assists  directly  in  reducing  the  ore.    At  the  same 

it  can,  one  would  suppose,  hardly  fail  that  a  powerfully  reducing 

I  hice  hydrogen  or  its  carbon  compounds,  must  assist  as  a  restraint 
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on  the  oxidizing  tendency  of  carbonic  acid.  By  this  I  mean  tl 
50  volumes  of  carbonic  acid  were  found  in  the  gases,  accompani( 
100  volumes  of  .carbonic  oxide  and  10  of  hydrogen,  we  shoui 
point  of  fact  have  110  volumes  of  the  reducing  gases  present  wit 
volumes  of  the  oxidizing  gas,  bringing  the  ratio  of  the  former  t 
latter  up  to  100  :  45*4.  In  such  a  case  as  that  in  question,  J 
supposing  it  possible  that  the  process  of  reduction  may  be  ent 
effected  by  means  of  carbonic  oxide;  but  that  at  the  same  time  tl: 
volumes  of  hydrogen  are  acting  as  a  restraining  influence  to 
carbonic  acid,  in  the  same  way  as  if  they  were  so  much  carbonic  o: 
Some  twelve  years*  ago  I  undertook  a  series  of  experiments  in  c 
to  compare  the  action  of  hydrogen  with  that  of  carbonic  oxid 
oxide  of  iron  as  it  exists  in  Cleveland  stone.  The  ore  in  a  di^ 
state  was  heated  in  a  glass  tube  and  exposed  to  a  current  of  the 
and  the  amount  of  reduction  was  ascertained  by  determining 
weight  of  the  water  formed. 

8~»Ple.  "tti^S^e^  TimeofExpowre.  Bffeoi. 

A.    104°  to  127°  C.  (220°  to  260°  P.)  Half  an  hour.  No  sign  of  action. 

3.    199°  to  227°  C.  (390°  to  440°  P.)  Do.  SmaU  signs  of  redact 

C.  Qtood   red  heat,   maximum    of 

single  Hofman's  gas  furnace    4  hours.  Not  completely  redn( 

D.  Sample  C,   after  exposure  for 

four  hours  in  the  Hofman's 
gas  furnace,  was  heated  to  a 
white  heat  in  a  coke  fire      ...     1  hour.  Perfectly  reduced. 

These  trials  indicate  that  reduction  by  hydrogen  commence 
about  the  same  temperature  as  that  effected  by  carbonic  oxide 

p.  71). 

A  mixture  of  100  volumes  of  c^bonic  oxide  and  12  volunw 
hydrogen  was  then  passed  over  63*65  grains  of  Cleveland  f 
(calcined)  in  a  tube  from  which  all  air  had  been  carefully  exp 
The  tube  was  maintained  for  one-and-a-half  hoiprs  at  a  temper 
short  of  a  red  heat,  zinc  remaining  melted  all  the  time.  The  cu 
of  mixed  gases  was  continued  until  the  tube  and  its  contents  were 

*  Vide  Chemical  Phenomena  of  Iron  Smelting,  p.  118. 


SIOnON  XI. — HYDROGEN  IN  THE  BLAST  FURNACE.  311 

Tk  OK  was  found  to  contain  1*20  grains  of  deposited  carbon,  a 
lefiit  eqoai  to  4*61  per  cent,  of  that  of  the  iron  present  in  the  ore. 
Die  qnantitj  of  oxygen  removed  was  aboat  68  per  cent,  of  that 
w^mltj  combined  with  the  iron  in  the  mineral,  being  in  all  7*52 
gnioB. 

Grains 
Oxaias.  of 

Oxjffen. 

The  total  water  collected  was 095     =      -85 

The  total  carbonic  acid  collected  was  . . .        2276 

From  which  deduct  that  due  to  the  ^sociatioii 

of  carbonic  oxide  (2  CO  «  CO,   +  C)  ...  4*40 


Total  oxyg^  separated  from  the  ore  equal  to 
46*2  per  cent,  of  that  required  to  form 


18-36     -     667 


Fe,  O,       7-52 

Experimentally  it  had  been  ascertained  that  pnre  carbonic  oxide, 
•fc  a  temperature  probably  about  800°  F.  (427°  C),  only  removed 
H  per  cent,  of  the  total  oxygen  in  the  Fcg  Og,  in  seven  hours  from 
calcined  Cleveland  ore,  equal  therefore  to  1'84  per  cent,  per  hour. 

The  same  mixture  (of  100  volumes  CO  and  12  volumes  H)  was 
then  passed  over  68*85  grains  of  calcined  Cleveland  ore  at  a  very 
bright  red  heat,  during  one  hour,  with  the  same  precautions  observed 
as  in  the  previous  experiment. 

About  70  per  cent,  of  the  original  oxygen,  viz.  8*42  grains,  was 
spelled,  and  '88  grain  of  carbon  was  precipitated.  Calculated  in  the 
same  way  "58  grain  of  oxygen  had  been  removed  by  hydrogen,  and 
7*84  grains  by  carbonic  oxide. 

A  third  trial  was  conducted  at  the  white  heat  of  a  coke  furnace 
for  40  minutesy  the  ore  weighiug  61*8  grains.  The  oxygen  removed 
Was  6*46  grains,  or  about  60  per  cent,  of  the  whole,  and  carbon 
deposited  only  "08  grains. 

Gnint. 

The  hydrogen  had  removed  of  the  oxygen 1*42 

The  carbonic  oxide  do.  do 6*04 

Total         6-46 
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The  amonnt  of  reduction  in  this  trial  would  no  doubt  have  beet 
greater,  had  the  ore  not  fused  under  the  intense  temperature  to  which 
it  had  been  exposed. 

Taking  the  results  per  100  parts  of  ore  used,  and  otbt  similar 
periods  of  time,  we  get  the  following  figures. — 


Kzperiinent  1. 
Tempenture       MdU^rZIxia 

Grains. 

Gffains. 

Lo«8  of  oxygen  per  hour 7*86 

12-23 

15-68 

Carbon  deposited    do 126 

•55 

•19 

Ijoiw  of  oxygen        do.    dne  to  H.        0*89 

*84 

B'4A 

Do.               do.    due  to  CO.      697 

11-39 

12-24 

Total  loss  of  oxygen         786 

12-23 

15-68 

The  whole  of  these  experiments  seem  to  indicate  that  hydrogen, 
having  regard  to  its  volume,  is  the  more  powerful  reducing  agent 
of  the  two  gases. 

Notwithstanding  the  apparent  superior  affinity  of  hydrogen  for 
oxygen,  as  compared  with  that  of  carbonic  oxide,  it  cannot  be  consideied 
as  satisfactorily  proved  that  the  water  formed  by  the  hydrogen  is  the 
consequence  of  its  union  with  the  oxygen  of  the  ore.  I  have  arrived 
at  this  condosion,  because  I  ascertained  that  when  hydrogen  wtf 
passed  over  carbonate  of  lime  the  carbonic  acid  was  decomposed— the 
result  being  carbonic  oxide  and  water.  The  carbonate  of  liniM  em- 
ployed was  Carrara  marble  containing  44  per  cent,  of  carbonic  add, 
and  mountain  limestone  containing  43*61  per  cent,  of  the  same.  The 
results  per  100  parts  of  carbonate  of  lime  were  as  follows : — 


SubsUnoe  used. 

Tempentare. 

•nmeof 
expoBore. 
mnutes. 

SS! 

op. 

not  re- 
duced. 

redooed. 

Wtlar 
fouA 

Marble      

melting  zinc 

40 

1-03 

019 

0-84 

0-56 

Mountain  limestone 

dull  red  heat 

30 

3-21 

0-38 

2-88 

1-07 

Do. 

bright  red 

30 

40-56 

21-42 

19-14 

7-44 

Marble      

do. 

20 

43-47 

23-47 

20-00 

8-07 

Not  only,  as  has  just  been  shown,  is  hydrogen  capable  of  decom- 
posing carbonic  acid,  but  water  can  be  formed  at  the  expense  of 
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in  carbonic  oxide.    Equal  volnmes  of  the  two  ^ses  were  passed 
ti^o  hours  through  pumice-stone  heated  to  a  dull  red.     The  water 

ted  weighed  1*2  grains  and  the  carbonic  acid  0*1  grain. 

A  similar  experiment  was  performed  with  the  pumice-stone  heated 

•o  full  red.    The  water  collected  weighed  4*6  grains  and  the  carbonic 

Vt  grains.     In  this  case  the  pumice-stone  was  blackened ;  and 

it  was  heated  in  oxygen  1*50  grains  of  carbonic  acid  were  ob- 

equal  to  '43  grains  of  carbon;  which  must  have  been  deposited 

\e  diasociation  of  the  carbonic  oxide. 

Enough  has  been  advanced  in  the  present  section  to  prove  the 

ulty,  perhaps  the  impossibilityj  of  demonstrating  the  precise 

re  of  the  part  played  by  any  hydrogen  which  may  be  present  in 

the  blast  furnace.     So  far,  however,  as  the  promotion  of  reduction  is 

luoemed,  it  is  probably  immaterial  whether  this  gas  deoxidizes  the 

direct,  or  whether  it  decomposes  carbonic  acid  with  the  liberation 

ic  oxide.     In  either  case  the  presence  of  hydrogen  must,  it 

supposed,  help  to  maintain  the  reducing  energy  of  the  gases. 

(AQ  my  experiments  tend  to  prove  not  only  that  this  energy  is 

fied  by  the  co-operation  of  hydrogen  with  carbonic  oxide;  but 

mixture  of  the  two  oxides  of  ctirbon  (CO  and  COa)  had  its 

deoxidizing  iron  ore  increased  by  the  presence  of  this  third 

perhaps  beyond  that  point  which  might  be  expected  from  its 

volume. 

dments  were  first  made  to  ascertain  the  mode  of  action  of 
of  the  two  oxides  of  carbon  on  the  ore,  with  the  following 
lt9^- 


Action. 


none 


Percenlac*  of  O 
remored 


Volomet.  Hotin  of 

*;*-*.—>  Teinper»iare,  Ore  Ex- 

00     CO,  porare. 

f  meltirtg  Zii,,  say  Calcined  >      |g 

10&    ^  |aOCPF.C42rC.)    Clevelandi 

(  fi'S  per  cent.  ] 

10 J  -j      of   originiil  \ 

[      oxygen  lost ) 

6     13  55    do.  226 


100  ai 
wo  w> 


do. 
lo?r  red  best 


do. 
do. 


nil 


'65  per  cent. 


^A  mixture  was  then  made  resembling  somewhat  in  composition 
rfamace  gas ;  and  into  this  some  hydrogen  was  introdnced.  It 
i  contained  CO,  15*0,  CO  335,  H  4*2,  N  46*4  =  100  volumes. 
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In  this,  100  volumes  of  reducing  gases  consist  of  CO  SB'S 
H  11-14 ;  and  the  proportion  of  COj  to  CO  is  47  volumes  of  fonnl 
to  100  of  the  latter,  or  taking  the  CO  and  H  conjointly  (57*7  volunw 
we  have  42  volumes  of  COg  to  100  of  reducing  gases.  After 
exposure  of  lOj  hours  to  a  temperature  of  say  842°  F.  (450°  C] 
antimony  melting,  the  loss  of  oxygen  amounted  to  11*7  per  cent, 
that  originally  combined  with  the  iron  in  the  ore. 

At  a  later  period  in  the  present  section  when  the  use  of  raw  ooi 
in  the  blast  furnace  is  being  considered  we  shall  be  better  able 
discuss  the  practical  value  of  hydrogen  as  a  reducing  agent. 

Messrs.  Baird  &  Co.  of  the  Qartsherrie  works  in  Lanarkshire  hftM 
recently  introduced  a  new  industry  at  this  well  known  establishment 
which  promises  to  become  one  of  immense  importance  even  in  i 
national  point  of  view.  The  gases  from  two  of  their  blast  furnaces  ftfl 
with  raw  coal  are  aspirated  by  means  of  a  large  ventilating  fan  throng^ 
huge  chambers  of  sheet  iron,  in  which  they  are  cooled  by  Buitabhl 
means,  and  the  tar  and  ammonical  water  are  thereby  oondensedL^ 
From  the  former  the  usual  oils  and  pitch  are  obtained,  and  the  latter^ 
being  used  for  the  manufacture  of  sulphate  of  ammonia,  will  be  able 
to  render  valuable  service  to  agriculture. 

The  average  quantity  of  oxygen  in  the  coals  used  at  Gartsherrie  it 
stated  to  be  11*06  per  cent.,  and  of  hygrometric  moisture  7*77  per 
cent.^-or  per  ton  of  coal  2*212  cwts.  of  oxygen  and  l'554cwts.rf 
moisture. 

Now  this  quantity  of  oxygen  if  united  with  hydrogen  and  added 
to  the  moisture  would  be  equal  to  451  lbs.  or  45*1  gallons  of  water. 

I  am  informed  by  my  friend  Alderman  Thomas  Hedley,  chairman 
of  the  gas  works  at  Newcastle-on-Tyne,  that  80  gallons  of  water  are 
condensed  per  ton  of  coal  distilled.  A  similar  result  is  obtained  at  the 
coke  works  of  Messrs.  Pease  &  Partners,  in  which  the  coal  is  coked  Id 
closed  ovens.  The  Durham  coal  contains  on  an  average  under  1  per 
cent,  of  water  with  from  10  to  11  per  cent,  of  oxygen,  which  latter, 
by  combining  with  hydrogen  in  the  coal,  will  afford  just  about  tJie 
80  gallons  of  water  referred  to.  According  to  Mr.  Cosh,  of  the 
Gartsherrie  works,  80  gallons  also  is  the  amount  of  water  oondensed 
in  the  apparatus  referred  to  above ;  but  the  Gartsherrie  coa!,  contaii^ 
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per  cent,  of  moisture  and  fully  as  mnch  oxygen  as  the  Durham 

it  follows,  irrespective  of  any  water  formed  by  the  action  of 

•gen  m  a  reducing   agent,    that  a    good    deal    must    escape 

ation  in  the  apparatus  used  for  collecting  the  t*vr  and  ammonia, 

the  Gartsherrie  coal  hydrogen  exists  to  the  extent  of  5  per 

of  the  weiglit  of  the  coal ;  equal  therefore  to  2  cwts.  for  every 

of  pig  iron  made.    Assuming  each  ton  of  metal  to  contain  18*6 

of  iron  (Fe),  there  will  \ye  7*97,  say  8  cwis»  of  oxygen,  to  be 

red  IB  the  process  of  its  reduction.     For  this  1  cwt.  of  hydrogen 

suffice ;  80  that  there  is  twice  as  much  of  this  element  present 

required  to  withdraw  all  the  oxygen  from  the  oxide  of  iron. 

it  want  of  any  authentic  information  on  the  office  performed  by 

n  in  the  blast  furnace  induced  me  to  request  permission,  from 

who  is  a  furnace  owner  in  Scotland,  to  extend  my  observations 

leiting  iron  to  cases  when,  instead  of  coke,  raw  coal  is  the  fuel 

lyed.     Every  possible  facility  was  extended  to  my  assistant,  Mr. 

Uj  and  I  now  propose  to  examine  the  results  of  his  analyses  and 

►tions. 

Lc  fuel  employed  at  the  furnaces  in  ijuestion  is  the  well  known 
plini  of  the  Lanarkshire  ct^l-field.  In  lumps  it  bums  without  any 
^roach  to  fusion,  or  one  piece  adhering  to  another,  but  when 
lowdered  and  heated  in  a  crucible  it  coheres  and  forms  a  dense  coke 
lilibciat  any  apparent  change  of  volume.  The  coal  api>ear8  perfectly 
Ify  to  tbe  eye  and  touch,  neverthelera  when  di*ied  at  lOO"*  C.  (212^  P.) 
t  psrts  with  more  than  11  per  cent,  of  water.  Its  constituents  w^ere 
bond  to  bo: — 


Per  GodL  Yolaaie 

Water,  given  off  at  212^  F„  llf»2 

Cwkn^ii  mm,    vu„    6341     fixed    and     12-69 

0%ygeti    ,  ll'Oi>rrotaJ     .                              16'37 

KilrDjBTcn  -Q^) 

t»ttlphur  '59 

A*li  5-42 


lOOOO  Total  gaaeouACotutituimts  28-06 
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The  ironstone  employed  was  partly  calcined  black-band,  oontainiq 
1*84  per  cent,  of  iron  as  protoxide  and  48'68  per  cent,  as  peroxUl 
together  49*97  per  cent.;  partly  day-band  with  -48  per  cent,  of  iwi 
as  protoxide  and  40*89  as  peroxide,  together  41-87  per  cent.;  m 
partly  Spanish  hematite  ore  containing  14*6  per  cent,  of  water. 

The  pig  iron  on  analysis  gave  as  follows: — 

Qzjgtti  In  Oro  par  90  units  of  Ftf 
equiTAlenft  to 


Carbon 

3-61 

— 

Silicon 

2-16 

-49 

Sulphur 

•004 

-00 

Fhosphonui... 

-85 

-22 

Titaniam     ... 

•10 

-01 

Manganese  ... 

1-46 

11 

Iron 

91-00 

7*66 

99-084 

Total  oxygen  per  20  of  metal... 8-49 

The  particulars  of  the  two  furnaces  which  were  examined  aP 
contained  in  the  following  Table: — 


Height       

Cubic  capacity 

Weekly  make,  chiefly  No.  1 
iron     

Temperature  of  blast- 
Minimum        

Maximum       


Pomftos  A. 
51  feet 

6,500  c  feet 


220  tons. 


•a     -F. 

405    762 


FamaoeB. 
74  feet 

10,000  c.  feet,  of  which  oiil:f 

about  8,500  were  filled. 

220  tons. 


412   773 
472   881 


...    5681,073  

Average  of  7  obeerva- )  ^m    007  f  Average  of  8  obsenra- )  ^oh   oqO 
tions  J    '**    ^^'  I      tions  f      ' 

Temperature  of  escaping 


Minimum        156    310]         188    ** 

Maximum       298    568  254     ^ 

Average   (12  obeerva- »  ^nn    sofil^^®"*®   (^*  ®^*"«'^"  1 100      «4 
tions  over  4  hours)...  (  ^^'    ***  )      tions  over  3  houra)  J  ^^ 

4S-S9 


Raw  coal  used,  per  ton  of ) 
iron cwts.  S 

Ironstone,  do.  do. 

Limestone  do.  do. 


42-39 

37-46 
10^ 


37'-^ 

icr^ 
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7oliiiiietric  analyses  of  gases — specimens  collected  over   three 


n: — 


CO. 

CO 

CH, 

C.H, 

H 

N 


6-84 

h. 
5-70 

8077 

8031 

3-40 

3-45 

38 

•14 

6-65 

5-d8 

62-96 

54*42 

100-00        10000 


6-27 
2911 

2*84 
•24 

6-84 
64-70 

10000 


FomaoeA, 
OMfrom 

'      d. 
1-40 

32-96 


2-60 
6304 

100-00 


LOO  vols.    CO   accom- 

pmied by  vols.  CO,    1880         18-98 
100  Tols.   CO,   H  and 

bydrocarbons  accom- 

ptnied  bj  YoU.  CO,    14-29  14-15 

Analyses  of  escaping  gases  by  weight: — 

FarQAce  A. 


Ctrbonic  acid 
Carbonic  oxide 
VanhgaK 
Olefiant  gas 
Hjdrog«n 


21-54 


16-06 


''^ater  ... 


10000        10000 


3-93 


FamAoeB. 


8-95 

b  kept  foU. 
8^62 

9-66 

3002 

28-82 

28-36 

1-89 

1-87 

159 

-37 

•13 

•23 

•46 

-41 

-48 

51-67 

51-75 

5334 

•07 

Not  estimated.    . 

•07 

6-67 

8-50 

6-27 

100-00 


^bon  in  carbonic  acid        ...  2*44  232  ...  2*63 

Do.            do.       oxide      ...  1286  1235  ...  1215 
Do.            do.       acid  taken 

as  nnitj  1  1  ...  1 

Do.            do.       oxide      ...  528  532  ...  4'62 

^«  analyses  marked  a  and  e  will  be  employed  in  the  estimates 
'*^  follow.  The  furnaces  were  charged,  when  a  and  c  were  taken, 
^^tt  intervals,  according  to  the  usual  plan  followed  at  most  iron- 
^>  whereas  when  the  sample  of  gas  ft  was  collected  the  furnace 
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was  constantly  kept  full  to  the  charging  plates.  It  hsB  also  to  I 
observed  that  fiimace  B,  being  found  too  high  to  work  satis&ctoiil| 
with  raw  coal,  was  only  filled  to  within  12  feet  of  the  top. 

The  total  weight  of  carbon  delivered  to  the  furnace  per  20  nnits  of 
iron  is  as  follows: — 

FamaoeA.  Fiixiimi& - 

Fixed  carbon  in  law  coal  at  53*41  per  cent.     ...    22*65  ...  22*65 

Carbon  of  voL  matter  in  do.  12*59        „  ...      5*34  ...  6*84 

Fixed  carbon  in  limestone  1*31  ...  I'Si 


To  obtun  the  carbon  in  the  permanent  escaping 
gases,  deduct: — 

Carbon  absorbed  b j  iron      *70 

Do.    in  tarry  matter        1*33 

Carbon  in  escaping  gases  ... 


29*30 


29« 


2*03 
2727 


•70 
1*38 


206 
27*0 


The  weights  of  the  escaping  gases  per  20  units  of  iron,  compiit«| 
in  the  manner  already  described  in  this  volume,  are  as  follows: —      j 
Furnace  A. — Sample  a. 


CO.     ... 

...    14*32 

. 

0. 
3-91 

+ 

o. 
10-41 

H. 

H. 

CO      ... 

...    4803 

« 

20-58 

+ 

2745 

— 

— 

CH,    ... 

...      302 

« 

2*27 

— 

+ 

•75     . 

— 

C.H,  ... 

59 

- 

•51 

— 

+ 

•08    . 

— 

H 

...        *74 

- 

— 

... 

— 

•74    . 

— 

N 

...    82*68 

- 

— 

... 

— 

— 

..    82-68 

NH... 

*11 

- 

— 

... 

— 

... 

•02     +         -09 

H.O   ... 

...     1051 

- 

— 

+ 

9-34 

+ 

1*17    . 

— 

Tar      ... 

...      1*65 

\mv. 

1*37 

+ 
-Sa] 

•03 
47-23 

+ 

15     . 

— 

Totals 

...  161*65 

28*64 

2*91 

82*77 

F 

iCE  B.- 

KFLB  C. 

CO.     ... 

...    16*26 

^ 

0. 
4*43 

+ 

O. 

11*83 

H. 

V. 

CO      ... 

...    4773 

- 

20-45 

+ 

27-28 

... 

— 

— 

CH,    ... 

...      2*67 

- 

201 

— 

+ 

•66    . 

— 

C.H,  ... 

•38 

» 

33 

— 

+ 

•06     . 



H 

•81 

- 

— 

•  — 

•81     . 



N 

...    89-77 

- 

— 

— 

— 

.    8977 

NH,    ... 

11 

- 

— 

— 

... 

•02     +         -09 

H.O    ... 

...     10-55 

= 

— 

9*38 

+ 

1*17    .. 

— 

Tar      ... 

...      1*56 

- 

1*38 

+ 

03 

+ 

•16    .. 

— 

Totals 

...  109-84 

28*60 

48-52 

2*86 

89-86 
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ae  items  of  absorpfcion  are  thus  computed: — 


Oalories 

TotaJt 

Ualariofl. 

TofcAlft. 

^tuaon  of  slag 

10.054 

10,054 

hpoompcwltioa  of  H,0  in  bkst 

2,890 

3,162 

iKpaliion  of  CO  4  iu  tnineralii 

4,044 

4^014 

leooiopoHtioii            do. 

44&S 

4,192 

EvmporAtioii  U^O  in  coftl    ... 
Do.                 in  hemfttite 

3.051 

3,051 

Ezpulnoa    of    voktile    carbon 

gMes  (H.  O,  and  N)   -  for 

12-28  uuiU 

24.560 

48.791 

24,560 

40,063 

Lx. 

Bednetion  of  Pe^O,     ,. 

32,710 

32,710 

dCbirboQ  impreg^nmtion  ... 

1,680 

1,680 

RedacmgSt  0,,— P,0,  and  SO, 

4,266 

4^266 

f^ammission  thrnagb  walli   ,,, 

3.658 

5,487» 

^^fn  of  pig  irc»n 

6.600 

6>eoo 

C^rrlecf  oET  in  tnjere  wuter    . . , 

1,818 

50,732 

1,818 

52,661 

pu  TIL 

Skrried  off  in  escapiug  gases... 

9.856 

8^953 

Grimdtotd 

109,379 

110.577 

Fin  the  elements  of  absorption  we  have  a  very  large  amount  of  heat 

to  the  expulsion  of  the  volatile  constituents  of  the  coal;  an 

ion  with  which  the  low  temperature  of  the  escaping  gases, 

4(K)°  F.,  is  connected.      On  the  other  hand  there  is  a  not 

iderable  contribution  to  the  supply  of  heat  through  a  certain 

it  of  hydrogen  which  appears  to  have  been  oxidized,    Thia  is 

from  the  fact  that  there  appears  more  water  in  the  gases  than 

introdaoed  as  such  in  the  materials.     In  the  coal  and  ore  used 

'  20  units  of  iron  the  water  amounted  to  5*65  units,  whereas  there 

1  collected  for  this  weight  of  metal  10"  51  units  of  water  at  furnace 

[and  10'55  unita  at  furnace  B,    This  exhibits  an  increase  of  4*86 

1 4*90  units  of  water,  equal  to  '54  and  *55  unit  of  oxidized  hydrogen 

lively. 

^This  farnftco  ie^  much  larger  iind  jet  makes  nn  more  iron  tliaa  No.  1,  lieuoe  the 
.illowi.n<!e  for  ht&s  lij  tratiNxntiisioii  tlirough  the  sides. 
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The  heat  evolved  is  therefore  thus  estimated: — 

Carbon  delivered  to  both  furnaces  per  20  units  of  iron,  viz. 

42*39  of  coal  containing  53*41  per  cent,  of  fixed  carbon...        22*65 
Less  carbon  carried  off  with  an  equal  weight  of  carbon  in 

limestone      1*81 


21*34 

HMtSrolTad. 

FamaoeA. 
Sample  «. 
Oalories. 

Fbzbmi 
Sunpit 

Burning  fixed  carbon  21*34  to  CO  ... 

61,204    21*34  to  CO 

...  51,2(M 

Of  this  C  as  CO  oxidized  3*93  to  CO, 

21,896    4*43 

to  CO, 

...  24,8(X 

73,100 

76,013 

Combustion  of  hydrogen  *54 

18,360      -65 

...  18,7a 

Contained  in  blast     

12,160 

11,981 

103,620 

106,6S: 

Having  regard  to  the  complicated  nature  of  the  analysis,  etc., 
figores  arrived  at  in  this  computation  of  heat,  as  referring  to  th( 
of  raw  coal,  seem  fairly  satisfactory  on  both  sides,  the  difference  I 
under  5  per  cent. 

To  test  the  general  accuracy  of  the  analyses,  the  sources  of 
oxygen  and  hydrogen  are  compared  below  with  their  respective  amo 
in  the  escaping  gases,  both  taken  from  furnace  A,  sample  a : — 

Unita. 
Sources  of  oxygen :  In  the  blast  including  its  moisture...         25*73 

»     ore  „  „      ...  9*24 

„     carb.  acid  of  the  limestone...  3*50 

„     coal  including  its  moisture . . .  9*07 

47*54 
Weight  of  oxygen  as  per  analysis  given  at  p.  318       ...        47*23 

Difference  ...  *dl 


Sources  of  hydrogen :  In  moisture  of  blast  ...  *08 

„  ore  ...  -08 

coal  including  its  moisture ...  2*39 

2*55 
Weight  of  hydrogen  in  various  forms  given  at  p.  818  . . .  2*91 

Difference  ...  *36 
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The  correctneBs  of  tlie  hydrogen  e8timat4?  may  he  eaflily  affected  hy 
differences  in  the  composition  of  the  coal,  changes  in  the  humidity  of 
the  air,  etc.,  or  by  leakages  at  the  tuyeres. 

Although,  afi  far  as  the  present  estimates  show,  there  is  a  distinct 
idatton  of  hydrogen,  it  is  by  no  means  proved,  nor  is  it  probable, 
this  oxidation  is  due  to  the  diretrt  action  of  this  element  on  the 
On  referring  to  the  analysis  given  in  p.  315  it  irill  he  found 
the  coal  contained  1 10^*  per  fcnt.  of  oxygen,  equal  therefore  to 
1*70  units  in  the  coal  required  to  smelt  20  units  of  iron.  Now  this 
atity  of  oxygen  would  combine  with  '58  units  of  hydrogen,  which 
exactly  corresponds  with  the  excess  supposed  to  have  l:»een 
QTerted  into  water,  vis. — *54  and  '55  {t\  p.  HID). 
There  is  of  course  no  doubt  that  the  moment  water,  in  the  form  of 
meets  with  highly  heiite*!  iron  <>r  carlx>n,  the  latter  substances 
1  instantly  oxidized,  hydrogen  being  libcrati^d. 
Being  wishful  to  compare  the  rapitlity  of  this  action  with  that  of 
Inction  I  had  placed  in  a  p<:»Teelain  tube  lo  grammes  of  very  pure 
tite  ore  which  filled  a  certain  length  nf  the  tube ;  and  imraedi- 
tely  beyond  it  70(11  granimes  tif  spiiugy  [lH^^allit!  iron,  reductd  from 
iher  10  grammes  of  the  siime  ore  by  means  of  hydrngen  gas ;  this 
\*u  also  filled  the  diameter  of  the  tube. 
This  apparatus  was  filled  witli  hydrogen  and  maintained  at  a  tem- 
itare  approaching  that  of  melting  silver,  thei-efore  probably  a  little 
1,000'' C,  (1,800^  F.)  Two  litres  of  hydrogen  were  passed  over 
contents  during  a  period  uf  one  hour.  Tiic  gas  o<>ming  in  contact 
rith  the  ore  effected  u  certain  amount  uf  reduction ;  and  theu,  the 
uniting  vapour  of  water,  tugtaher  with  any  unchanged  hydrogen, 
rioaeting  with  the  heated  iron  sponge,  the  latter  was  partially  oxidized. 
We  had  thus  two  equal  quantities  of  iron  (7-OGl  grammes)  acting 
in  [O'eBenee,  the  one  of  a  reducing  aud  the  other  of  an  oxidizing 
Itmosphere  at  the  same  temi>erature.     The  r<  suits  were  as  follows : — 

to  Graminea  of  HtmftUtu  Ore  7  061  Omttituefl  of  Spotitfy  Iraa, 

u)4aJiii«Mil  from  10  gn.  of 


Etperiin«Di. 
I 
2 
8 

Orfljnmei 

12799 
16062 
1*0964 

Lh«  name  Hematite, 

•6790 
■6i75 

^            ATcragi} 

1-8275 

•62i>3 

322  8B0TI0N  XI. — HYDROGEN  IN  THE  BLAST  FUBNACB. 

Although  there  is  not  entire  oniformity  in  the  results,  we  are 
justified  in  inferring  that  reduction  proceeds  much  more  rapidly  than 

1*3  275 

oxidation;  the  average  relation  being  nearly  as  2  to  1,     .gftQg=2iL 

This  perhaps  is  no  more  than  might  be  expected;  because  we  have  tht 
pure  hydrogen,  as  it  meets  oxide  of  iron,  sweeping  out  the  watery 
vapour  before  it,  whereas  the  metallic  iron  has  its  tendency  to  be 
oxidized  always  restrained,  so  long  as  both  actions  are  in  operation,  bj 
the  presence  of  free  hydrogen. 

In  the  blast  furnace  itself,  the  small  quantity  of  water  to  be  deoom- 
posed  in  the  hearth  and  the  immense  surface  of  iron  it  meets  wili 
render  decomposition  the  work  of  an  instant,  leaving  the  oxidiwd 
metal  to  be  reduced  by  the  highly  heated  carbon. 

Whether  hydrogen  promotes  reduction  in  the  upper  zone  of  a  bla* 
furnace  or  not,  there  can,  from  what  has  preceded,  be  no  question  of 
its  energy  as  a  deoxidizing  agent.  Under  these  circumstances  it 
becomes  necessary  to  consider  the  cause  of  there  being,  in  the  case  of 
these  furnaces  burning  raw  coal,  so  much  less  carbonic  acid  for  a  given 
weight  of  iron  than  is  found  in  the  gases  of  a  furnace  using  coke. 

If  we  refer  to  the  performance  of  a  furnace  having  a  capacity  of 
6,000  cubic  feet,  v,  page  244,  it  will  be  found  that  28*92  cwts.  of  coke 
sufficed  to  produce  a  ton  of  iron.  For  this  quantity  of  iron  there  was 
6*47  cwts.  of  carbon  in  the  form  of  carbonic  acid.  On  the  other  hand 
in  one  of  the  Scotch  furnaces,  using  raw  coal,  there  was  only  4*43  cwts. 
of  carbon  in  this  condition. 

Let  us  first  contrast  the  circumstances  of  the  two  furnaces:— 

Coke  Furnace.  Raw  Oo«l  Fonuos. 

Capacity      cubic  feet      6,000  ...  10,000* 

Fuel  used  per  ton  of  metal      cwts.      28*92  . . .  42*39 
Volumes  of  carbonic  acid  per  100 

volumes  carbonic  oxide            ...      31 '31  ...  21*54 
Volumes  of  carbonic  acid  per  100 

volumes  CO,  H,  &c 31*18  ...  16*81 

Carbon  as  carbonic  oxide  per  one 

CasCO,            4*06  ...  4*62 

Cubic  feet  of  gases  per  ton  of  iron*  237,146  (170'69  cwte.)  247,837  (160  cwts.) 

'  Only  about  8,600  cubic  feet  filled. 

'  Barometer  at  30  inches  and  thermiometer  60°  F. 


SBCTtON  XI.— HYIIUOGEN  IN  THE  Bl,AHT  FUENACK. 


32a 


[These  fifcures  indictvte  that  in  the  f«njM:e  usiiig  niw  ooal  there 

I  over  the  ore  abcait  4^  per  cent.  j(i-eafcer  bulk  of  giises  poeee^sing 

f  tin  eqnnl  vnhime  a  higlitT  reducing:  power  by  about  34  ]^r  (X'nl. 

^*54  TctlmrieH  CO,  iustvad  of  ^Iv'il)   than   in  the  coke  fiU'uacTs 

fretthcless  there  is  per  ton  of  iron  23  per  oent.  leas  carbon  be  carl)onic 

in  the  raw  coal  fimiace  thim  in  the  other  (4*43  instead  of  5'47)- 

llt  haB  l)een  shown  (page  1I»0)  that  strongly  roasted  ore,  like  black 

j,  i»  less  susceptible  to  the  i*educirjg  notion  of  carbonic  oxide  than 

one  in  a  more  moderately  calcined  condition,  like  tlie  ironstune 

Heveland  as  it  commonly  comes  from  the  kilns.     If  this  were  so,  it 

sible,  notwitlistanding  the  more  ciiergeiic  natnre  of  the  deoxidizing 

'  m  the  furnace  using  raw  C50al,  that  a  qitantity  of  aemi-fused  black 

light  fmss  down  unreducedt  until  it  reached  a  position  where  the 

^tore  determines  the  dcconi|x>S!tion  of  earbimic  acid  by  carbon. 

I  To  remove  this  nncertairity,  the  same  friend  supplied  me  with  the 

alars  of  a  (hruace  amelting  Spanish  (Bilbao)  ore  with  raw  coal,  in 

'  that  I  might  compare  it  with  the  same  furnace  using  the  Scotrch 

[)ne. 

I  In  the  former  estimate,  the  heat  absorbed  per  20  units  of  inm  to 

a  mixture  consisting  cliiefiy  of  argillai^eous  ores  was  110,577 

110,577 


i;  and  the  ooal  consiinied  being  42*S9  units,  we  have 


42S$) 


ories  per  unit  of  raw  coaK 
fing  the  same  data  as  be!f)re  fc^r  the  means  of  coinputiition^  1 
in  smelting  hematite  the  alisorfition  to  lie  04,100  calories;  and 

!  raw  c5oal  used  lieing  36*62  units  per  20  of  iron,  we  have   glgV 

^^69  calories  per  unit  of  fuel. 

[I  do  not  possess  any  analysis  of  the  gases  from  this  last  named 

e;  hat,  the  heat-equivalent  of  the  fuel  agreeing  so  closely  with 
I  previous  one,  it  is  only  reasonable  to  infer  that  the  quantity  of 

I  as  <^krbonic  acid  musi  have  been  the  same  in  each  case.     It  is 
rioos  therefore  that  any  peculiarity  in  the  ironstone  is  not  the  cause 
lihe  disappearance  of  carbonic  acid;  for  an  example  was  given,  p* 

Table  II.  L,  where  the  carbon  in  this  form^  with  similar  ore 

tito),  amounted  to  1  per  2*04  of  carbon  as  carbonic  oxide. 


824  SECTION  XI. — HYDROGEN  IN  TUB  BLAST  FC7BNA0K. 

I  hare  in  addition  been  able  tx>  compare  the  performance  of 
furnaces  52  feet  high,  smelting  the  oolitic  ores  of  the  Midland  coonties 
with  the  raw  coal  of  Derbyshire,  which  contains  about  85  per  cent,  of 
volatile  matter.  The  ore,  chiefly  a  hydrated  peroxide,  gives  off  22^ 
per  cent,  of  moisture;  it  yields  in  the  wet  state  32^  per  cent,  of 
metal,  with  a  consumption  of  6:^  cwts.  of  limestone.  After  makings 
allowance  for  evaporating  the  water  from  the  ore,  and  for  extra  weight 
of  slag  to  be  fused,  the  heat  absorbed  in  these  Derbyshire  fiiniac« 
turns  out  to  be  about  128,000  calories  per  20  of  iron;  and  this  being 

divided  by  46  units  of  coal  used,  we  have  — j^ —  =  2,674  calorie* 

[^Kjr  unit  of  fuel  burnt. 

So  far  afi  previous  enquiries  enable  me  to  judge,  the  oolitic  ore  uflrf 
in  Derbyshire,  when  smelted  with  coke,  gives  pretty  nearly  the  same 
i-esults  as  those  which  attend  the  treatment  of  Cleveland  stone. 
Under  these  circumstances  I  am  led  to  infer  that  with  furnaces  of 
about  the  same  dimensions  in  each  case,  say  6,000  cubic  feet,  there  is 
nearly  25  per  cent,  more  carbon  in  the  form  of  carbonic  acid  in  furnaces 
using  coke  than  in  furnaces  using  raw  coal. 

Admitting  the  coiTectness  of  this  inference,  there  seem  but  two 
ways  in  which  to  account  for  this  disappearance  of  carbonic  acid  in  the 
gases.  Kither  the  raw  coal,  as  it  is  freshly  coked  in  the  upi)er  region, 
produces  coke  in  that  soft  condition  which  ])ennit8  its  being  easilv 
attacked  by  the  carbonic  acid  (CO.  +  C  =  -iCO);  or  the  presence  of 
hydrogen  gives  rise  to  a  decomposition  of  carlx)nic  acid,  as  already 
mentioned  in  the  present  section  (CO„-hHa=CO-hHjO). 

The  large  amount  of  water,  shown  to  be  present  in  the  gases  of  a 
furnace  using  raw  coal,  or  at  all  events  a  ]K)rtion  of  it,  must  undoubt- 
edly exercise  a  restraining  influence  on  their  deoxidizing  power  in  a  part 
of  the  reducing  zone.  Although  the  hygrometric  moisture  of  the  ooair 
or  of  the  ore,  will  be  mostly  expelled  in  the  highest  zone  of  the  fumaoer 
»>.  before  the  minerals  are  sufficiently  heated  to  bring  their  action  on 
the  gases  into  play,  still  a  considerable  portion  of  water,  the  result  of 
the  destructive  distillation  of  the  actual  substance  of  the  coal,  will  not 
be  driven  out  until  the  lower  and  hotter  regions  of  the  furnace  are 
i-eached.     In  such  a  case  the  heated  vapour  of  water  will  mingle  witi 
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ncin^  g?i8c$,  iinrl  fwissing  with  tlieni  through  the  oxide  of  irun 
» in  the  miinncr  supposed. 
The  practical  question,  which  arifiea  fhim  oomparing  the  nae  of  raw 
with  coke  in  the  hlast  fumaoe,  is  one  of  economy;  and  this  ia 
Mt  oi  being  dealt  with  in  a  very  few  words. 
In  two  fnmaces  of  the  same  capacity,  and  blown  with  air  pmcti* 
of  the  «ame  temperature  (485°  C.  at  Clarenue  and  475°  0.  in 
i),  we  obtain  the  following  factors: — 

oke  Qscd  (M>r  20  of  irou  28*92  Tiiiit*  containiiig  carbon  20*36  nniti. 

d^^rmw  coal  per  20  of  iron  4239  nnit^  containing  ,/Sjr^  eftrboii  22*64  ntiitit. 

I  reqiured  for  reduction,  foiiioa,  etc.  103.123. 

d — Do.  do.  doi  <lo„ 

and  ejtpelliug  gmwi  from  cool  109,379 

I  kbvorbcil  m  expelliiig^  P^^fss^  24,560 

84,819 

To  oompiire  the  dnty  performed  by  jmre  fixed  carbon  we  have: — 

103,123 
Clflretu:^'  ,^ .."  -         a,912  calories  per  unit  of  carbon. 

Hcotlatul  ^^         ^         374*5 

Ms  shows  an  infcritirity  of  ab<»tit  4^  jxt  cent,  un  the  aide  of  the 

ch  coal,  due  no  doubt  U>  its  iirodiicin^  less  i-arbmie  acid  in  thi* 

I  Uiati  the  coke  at  Clarenoe. 

Viewed  in  this  fashion,  the  Stxjtch  furnace  oiij^ht  to  have  done  its 

kj  with  iO'^iO  cwts,  of  raw  cujil,  in  order  to  l»e  nn  n  level  with  the 

Doe  furmice, 

'  On  the  other  hand,  iu  coking  coal  in  the  ^jrdinary  l>eeliive  ovetu 

ut  10  per  ceuL*  of  the  fixed  carbon  of  the  coal  is  Wiieted;  i>,  instead 

tting  75  only  65  per  cent,  of  coke  is  obtjuried  from  tlie  best  ooaL 

I  the  26*36  pure  carbon  used  at  Clarence  really  repreaeute  30*40 

I  n^  1  *^M 
carbou  in  the  coalj  and     o/y^n    ^  3,3!) 2  calories  per  unit  of 

t^arbon* 

^  Of  com'se  in  such  calculations  the  |.iroi>er  way  w  to  ingtitnte  tlie 

ftpuiBon  between  raw  coal  and  coke  obtained  from  the  same  raw 

,  when  applied  to  the  same  ore.     Aduiittiu":  however  thai  by  using 

I  fuel  raw,  aa  in  Scotland,  there  m  a  loss  of  about  2  cwto.  of  ooal  i^er 
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ton  of  iron,  this  is  compensated  fourfold  by  the  saving  of  wag« 
together  with  interest  and  wear  and  tear  on  coke  ovens.  There  u 
besides  this  the  gas  given  off  at  the  blast  fiirnace,  which  can  be  much 
more  beneficially  applied  than  at  the  coke  ovens,  and  if  to  this  is  added 
the  expected  results  from  the  recent  proposal  to  collect  tar  and  ammonia 
we  should  probably  be  within  the  mark  in  setting  down  88.  to  10s.  on  the 
ton  of  iron  as  the  difference  between  using  raw  coal  instead  'of  coke. 
Yrom  this  however  some  allowance  must  be  made,  owing  to  thfr 
circumstance  that  the  entire  produce  of  the  pit  may  be  converted  into 
coke,  whereas  only  the  large  pieces  can  be  used  raw  in  the  furnace. 
Probably  the  best  plan  therefore  would  be  to  use  the  large  coal  rav 
and  coke  the  small,  wherever  the  quality  of  the  latter  permits  it* 
application  in  this  form. 

Having  now  dwelt  at  some  length  on  what  may  be  considered  tlie 
chief  functions  of  a  fnmace  using  raw  coal,  I  would  conclude  mv 
observations  on  this  subject  by  a  few  remarks  on  a  subject  whidi  some 
pages  back  received  a  casual  notice — viz.,  the  collecting  of  ammonia 
and  tar  from  the  furnace  gases. 

With  the  knowledge  that  both  these  substances  are  given  off  when 
coal  is  subjected  to  destructive  distillation,  their  presence  in  a  blast 
furnace  using  raw  coal  is  only  what  might  be  expected.  Measre. 
Bunsen  and  Playfair  in  1846  not  only  mentioned  the  fact  in  their  pa{)er 
on  the  Alfreton  furnace  already  referred  to,  but  determined  the  quantity 
of  ammonia  in  the  gases. 

At  page  127  in  my  former  work,  mention  was  made  of  a  con- 
siderable amount  of  ammoniacal  salts  having  been  collected  from  one 
of  the  coke  furnaces  of  my  firm.  Looking  at  the  fact  that  the  nitrogen 
of  the  coal  was  almost  entirely  dissipated  by  the  process  of  ooking,  I 
accounted  for  the  appearance  of  an  unusual  quantity  of  ammonia  bj 
the  decomposition  of  some  of  the  cyanogen  compounds,  known  to  be 
present  in  the  fiimace.  The  quantity  of  ammonia  collected  from 
different  parts  of  the  furnace  per  1,000  litres  of  gas  upon  the  occasion 
referred  to,  was  as  follows: — 


Distance  above  tuyeres    ...    8  ft.    24^^  ft.    fiOft.    7fU  ft.  escaping:  gases. 
Onunmes  of  ammonia     ...     3*28      2*25       2*78        2.36        4*64. 
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order  tt»  see  whether  the  wci<^ht8  condensed  were  due  to  aa 
condition  of  things,  the  experiments  wore  recently  repeated 
[CkreDce,  upon  which  occasion  the  following  njsults  were  obtained 
r  1,000  litres  of  gas»  freed  from  dust,  in  three  diffci*ent  experiments: — 

'0075^ — *0077  and  '01  i  4  grammes  of  ammonia* 

The  flue  dujst  sepai^ted  in  the  la«t  experiment  gave  an  additional 
^gninimes  per  l,OQO  litres  of  gas.  Takinj;  the  volume  of  escaping 
jtat  180,0(10  cubic  feet  per  ton  of  pi^'  iron  und  15(i,000  cubic  feet 
r  ton  of  coke  this  wotdd  represent:— 


I  gnu*  freed  from  dast    . .. 

A g^  including  that  from 
iwtijitig  dust 


l^r  Ton  of  Pi«  Inm^  Per  Ton  ol  Ooke. 

Lbft.  Azumatiiii.  =  SulpliKte.      Lbti.  Ammoubi  =  Si 
-Om  -38  '085 


•218 


'84^ 


•190 


•738 


It  would  thus  appear^  as  I  suspected,  that  the  lartrer  quantities  of 

Donia  collected  on  the  preTioua  occasion  must  have  been  due  to  an 

condition  of  the  ftimace  at  the  time.     A  probtible  cause  might 

IdecompoBcd  cyanides  which,  upon  some  oci'^isiou,  are  found  present 

[the  escaping  pises,  and  upon  nthei-s  entirely  absent. 

^  On  referring  to  the  analyBis  of  the  Sc^otch  coal  ^ven  ni  p.  i^iri,  it 

be  seen  that  nitrogen  exists  in  it  to  the  extent  of  '94  per  cent., 

therefore  to  'H\^S  units  tor  each  '20  units  of  \ng  iron  piTiduced. 

fthen  all  this  nitroijen  wtTe  converted  into  ammonia,  we  should 

H  *48S  units  per  ton  of  metal  ;  whereas  according  to  analysis  the 

was  only  '11  units  {v.  p.  31H).     Fr<mi  this  we  may  infer  that 

ont  23  per  cent,  of  the  V€»latile  alkali,  capable  of  being  generated 

(the  nitrogen  pi*escnt  in  the  coal,  is  uctually  formed. 

'  According  to  a  paper  recently  read  l»cfore  the  Society  of  Cheraic^l 

IllBtry  by  Mr.  Walter  Weldon,  Tar  each  ton  of  uoal  used  in  the 

herrie  fumm^es  w  lbs.  of  eulphatc  of  amm^juia  is  prodmnij  equal 

fore  to  rrl5  lbs.  of  ammonia ;  while  the   '11    unit  mentioned 

ore  represents  12'32  lbs.  per  ton  of  {rtjn  or  5K!  lbs,  per  ton  of  coal 

The  furnace  gas,  thus  freed  not  only  fi'oiii  the  water  and  tar  but 

from  the  ftimaoe  fiime,  is  well  adapted  for  the  steam  boilers  and 

I  hot  air  apparatus. 

years  ago  Mr.  Carv^n  described  a  coke  ovon  wbicli   was 
a  retort.     The  goees  were  conveyeii  through  condensers  in 
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which  the  tar  and  ammoniacal  water  were  separated;  and  the  gas, 
freed  from  these  substances,  was  used  at  the  oven  in  order  to  distfl 
the  coal. 

In  the  year  1867  mj  firm  erected  36  of  these  ovens;  but  partlf 
owing  to  the  difiSculty  of  keeping  them  tight,  and  partly  owing  to  die 
lower  value  of  the  products,  they  were  discontinued.  Recently  the 
subject  has  been  revived  in  the  County  of  Durham  by  my  friendi 
Messrs.  Pease  and  Co.,  who  have  applied  M.  Carvds'  principle  to  the 
Copp^  oven.  Hitherto  they  are  well  satisfied  with  their  pn^ress;  and 
so  far  as  ammonia  and  tar  are  concerned  their  experience  indicates  s 
state  of  things  not  inferior  to  that  given  by  Mr.  Weldon  as  obtained 
at  (Jartsherrie. 

It  has  still  to  be  seen  whether  the  coke  made  in  such  a  fonn  d 
oven  as  that  described  is  equal  in  quality  to  that  obtained  by  the 
higher  temperature  of  old-fashioned  ovens  of  the  beehive  or  similar 
construction. 

One  disadvantage  attends  the  installation  of  the  apparatus  erected 
by  Messrs.  Pease — it  means  the  demolition  of  the  present  ovens  and 
the  erection  of  a  much  more  expensive  plant  in  their  room.  From  this 
inconvenience  the  plan  recently  patented  by  Mr.  J.  Jameson  is  exempt 
He  removes  the  floor  of  the  present  oven,  and  replaces  it  with  one 
provided  with  flues.  Through  these,  by  means  of  an  aspirator,  the 
gases  as  they  commence  to  distil  from  the  coal  are  drawn  ^  descemm, 
and  made  to  pass  through  condensers  where  the  tar  and  ammonia  are 
left.  The  gas  freed  from  these  may  be  reconducted  to  the  interior  of 
the  oven,  to  assist  in  the  distillation  of  the  coal. 

Many  coals  have  been  tried  at  the  Felling  Chemical  Works  of 
Messrs.  H.  L.  Pattinson  and  Co.,  with  very  excellent  results;  for  firom 
some  of  them  as  much  as  12  lbs.  of  sulphate  of  ammonia,  and  11  gaUotf) 
not  of  tar  but  of  an  inflammable  oil,  have  been  received  per  ton  of  coaL 

The  value  of  these  products  per  ton  of  coal  may  be  taken  atr— 

12  lbs.  of  sulphate  of  ammonia  at  2d.  per  lb £0    2    0 

11  gallons  of  oil  at  3d.      „       0    19 

Total        £0    8    9 

From  this  sum  has  to  be  deducted  the  expense  of  oondensing  and  tbe 
cost  of  converting  the  ammonia  into  solphate. 
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aiig  the  subje<:t  as  »i  wliole,  there  is  good  rea«on  for  believin^'^ 

>  we  IUP6  on  the  eve  of  an  imfH:)rtant  change  in  the  upjilication  of 

a  onnbufttibld ;  for  it  seems  not  improbable,  that  we  majr  bt" 

elled  to  use  oar  fuel  in  thu  form  of  giis,  with  u  view  of  olitaining 

valnuble  pniducus  dc4*troyed  by  the  preeeut  mode  in  which  it  is 


Influenced  probably  l»y  the'  quantity  aiitl  intensity  of  the  hejtt 
feined  by  the  combustion  i»f  hydrogen,  th<'  irlea  has  occurred  t*i 
008  inventors  Ut  inject  thij*  gas  at  the  tuyeres  of  the  blast  ftirnaui;. 
ny  years  ago  it  wm  proposed  by  Mr.  Mickle  to  collect  the  liydro- 
^Ten  off  in  coking  coal,  and  apply  them  to  the  [>ur[K>8c 
to.     Subfie<]uently  Mr,  Dawes  in  Ktaffoidsbire  tried  fur  some 
the  use  of  **  water  gas,**  prepai'ed  by  passing  steam  over  cairbon- 
!  matter  kept  at  a  high  temperature  in  a  retort.    These  tiialij, 
may  be  others,  having  the  same  object  in  view,  ^Nore  abandoned ; 
[  nniil  receiitly  nothing  further,  1  imagine,  has  been  heai^d  of  iisin^ 
en  in  jiny  form  a^j  a  fuel  for  smeltiug  iron. 
t  attention  which  has,  from  time  to  time,  been  l»estowed  on  the 
hydrogen,  the  general  eoattinees  of  such  expeiimcnts*  and  itn 
interest  in  connection  with  the  economy  of  the  blast  furnace, 
f  induced  me  to  make  some  experimental  enquiry  into  the  l>ehaviour 
gaseSj  resembling  in  cumpoBitioii  the  water  gas  now  prH»poHed 
I^QBed. 
80  far  as  I  know,  all  plans  in  this  direction  contemplated  employing 
gas  as  a  supplement  to  coke  or  coah  hut  it  i.H  now  ej|)ected  that 
|«olid  ftiel  in  the  furnace  itself  may  W  dis^tensed  with,  and  the  so- 
water-gas  emjiloyed  in  ite  room.     It  is  proposed  to  prepare  this 
Dce^  which  theoretically  is  aimposed  uf  equal  volumes  of  hydrogen 
1  carbonic  oxide,  by  piissing  very  higlily  heated  steam  over  refuse 
or  over  coal     In  the  latter  case  the  two  gases  mentioned  above 
Qiiied  with  a  fuither  quantity  of  hydrogen  and  hydro-carbons, 
men  off  by  the  coal. 

Looking  at  the  price  of  blast  furnace  coke,  and  that  of  such  com- 
t^Qitible  matter  as  might  suffice  for  the  manufactnre  of  water  gas,  it  is 
loifce  possible  that  a  given  amount  of  heating  power  might  be  produced 
economically  from  water-gas  than  could  be  obtained  from  the 
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coke  usually  employed  in  smelting  iron.  As  a  mere  question  of  bei 
evolution,  it  cannot  of  course  be  pretended  that  on  burning  carbon  q 
order  to  decompose  steam,  a  larger  quantity  of  heat  can  be  generatei 
by  burning  the  hydrogen  and  carbonic  oxide  thus  obtained,  than  thil 
capable  of  being  produced  by  the  carbon  itself  burnt  in  the  usual  waj; 
On  the  contrary,  as  is  well  known,  there  is  an  absolute  loss  attendini 
the  manufacture  of  water-gas  even  when  pure;  which  it  never  is  ii 
practice,  being  contaminated  more  or  less  with  carbonic  acid,  ek& 
Another  possible  advantage  in  employing  the  gaseous  fuel  would  be  Aii 
possession  of  some  virtue  which  fitted  it  for  reducing  oxide  of  iiww 
No  doubt  the  laboratory  experiments  quoted  in  this  section  woalt 
indicate  that  hydrogen  gas  is  more  energetic  in  this  respect  thao^ 
carbonic  oxide;  but,  on  the  other  hand,  the  action  of  the  blast  fomaoe^ 
as  already  described,  points  pretty  conclusively  to  the  fact,  that  little, 
if  any,  hydrogen  is  directly  concerned  in  reducing  the  metal,  and 
ftirther  that  its  presence  in  the  furnace  is  not  attended  with  any 
ei^onomy  in  the  quantity  of  solid  carbon  required. 

We  have  in  this  enquiry  first  to  consider  the  difference  of  ti» 
cimditions  under  which  it  is  now  intended  to  employ  hydrogen  and 
those  which  attend  its  use  when  contributed  by  the  use  of  raw  coal  in 
the  furnace.  In  the  first  mentioned  case  it  is  introduced  at  the  hearth 
and  in  the  second  it  is  generated  chiefly  in  the  reducing,  or  at  aD 
events  in  the  upper  zone. 

The  most  recent  idea  is  to  pass  steam  through  vessels  filled  with 
highly  heated  fire  bricks,  resembling  in  principle  the  well  known  re- 
generators of  Messrs.  Siemens.  By  this  means  it  is  expected  to  obtain 
the  water-gas  at  a  temperature  of  2,000°  C.  (8,682°  F.),  and  this  it  is 
proposed  to  bum  with  air  heated  to  1,500°  C.  (2,782°  P.) 

I  will  consider  immediately  the  use  of  pure  water-gas  when 
employed  under  the  conditions  just  named ;  but  in  the  meantime  I 
would  point  out  what  I  conceive  to  be  serious  diflBculties  in  securing' 
t!ie  pix)posed  conditions  themselves. 

In  the  first  place  water-gas  prepared  in  tlie  manner  suggested  ia 
never  pure.  My  friend,  Mr.  G.  S.  Dwight,  who  is  interested  in  a 
company  who  have  applied  it  extensively  to  certain  purposes,  to  whici 
it  is  no  doubt  admirably  adapted,  has  furnished  me  with  an  analysis 
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hhe  gas  prepared  in  an  excellently  deviued  fonn  of  apparatus.  Tliia 
a.  Its  T  shall  hereat\<fr  ehow,  contained  close  on  1 7  per  cent,  uf 
;  which  are  wor^f^  than  useless  in  the  blast  funiaco. 
wais  permitted  by  the  courtesy  of  Mr,  I>wif^ht  and  hi8  friends  to 
cie  the  operation  of  producing  this  gas  on  a  large  scale  at  Eeaen. 
time  the  carbonaceouB  element  was  small  refuse  coke.  The 
hbriek  regenerator  was  heated  to  as  high  a  tcnipemture  as  a  ooke 
\  blown  with  a  powerful  fan  <5ould  generate.  The  blast  was  then 
atinned,  and  steam  introduced  in  an  oppoi^ite  direction  ;  *.^.,  it 
through  the  heated  regenerator  and  down  through  the  incan- 
'f  ooke.  This  was  maintained  as  long  as  the  steam  was  supposed 
entirely  decomposed**  The  steam  was  then  shut  off,  and  blast 
lied  as  before  preparatory  to  a  second  admission  of  steam. 
I  Tlie  decomposition  of  the  vaprjur  of  water  of  coui-se  was  attended 
!  a  great  reduction  of  temperature  ;  so  much  so  that  the  water-gas 
the  generator,  as  I  was  informed,  at  a  temperature  of  GOO*^  V, 
12**  F.)  If  instead  of  the  coke  which  was  employed  in  the 
when  I  examined  it,  raw  coal  were  used,  an  additional 
iot  of  heat  would  be  required  for  effet^ting  the  volatilization  of 
oufl  constituents. 

f  Of  the  practicability  of  heating  any  vast  volume  of  air  to  1,500**  C. 
ffSS^  F,)  they  who  liave  worked  with  fire-brick  stoves  can  say 
«thing.  Hitherto  I  believe  no  one  has  succeeded  in  maintaining  a 
dy  temperature  of  l,(H»0^'  C.  (l,83i'°  F,) 

*  In  a  paper    recently  published,   the    writer    apparently  reoog- 
the  oxidizing  influence  which  burnt  water-gas — consisting  of 
onic  acid  and  watery  vapour — must  have  on  metallic  iron.     To 
nteract  this  he  limits  the  quantity  of  air  employed  to  that  required 
tboming  one-tenth  only  of  his  gaseous  hiel 
If  we  examine  theoretically  the  conversion  of  steam  into  what  may 
[designated  pure  water-gas,  »>.,  a  mixture  of  equal  volumes  of  car- 
oxide  and  hydrogen  (or  28  parts  by  weight  of  the  former  and 
'  the  latter),  we  bring  out  the  following  results : — 


my  own  ex|x!nenet?.  In  iiftusemg  ite&m  tUroujjfb  coal  togejienite  »  kind  i>f 
UTidecfimpiMtid  vajHJtir  of  water  was  t*fteii  pre»e»jt*  This  of  course  S4fut 
;  fumrice  in  emineiitlj  nndefiimblc.     1 . L.B. 
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Splitting  up  of  one  equivalent  of  steam,  Rfi,  into  its  elements,  Iq 
means  of  one  equivalent  of  carbon — 

Oaloric*. 

2  H  X  34^000  cal.  =  abaorption  of      €SfiO0   ^ 

12  C  X  2,400  cal.  -  generation  of      28300    j 

Net  amount  of  heat  absorbed 894KX) 


Assuming,  according  to  information  afforded  by  Mr.  Dwight,  tlnl 
water-gas  generated  from  coke  is  given  off  at  a  temperature  of  600^0. 
8=1,112°  F.,  we  have  in  burning  this  pure  water-gas  : — 


2  of  hydrogen  X  34,000  calories  68,000 

28  of  carb.  oxide  X  2,400  calories       67^ 


Heat  by  combustion  of  30  units  of  cold  water-gas 135,200 

Heat  in  water-gas  at  600°,  2  H  x  3*409  sp.  heat  x  600°  C.  -  4,091 
28  CO  X     -246       „        X  600°  C.  -  4,116 

8,207 

Total  heat  by  combustion  of  30  units  of  hot  water-gas        143,407 

In  practical  working  the  8,207  calories,  corresponding  to  the 
sensible  heat  of  the  generated  gas,  have  to  be  supplied  in  addition  to 
the  39,200  calories  absorbed  by  the  decomposition  of  the  steam.  In 
all  47,407  calories  have  therefore  to  be  generated  by  the  combustion, 
to  carbonic  acid,  of  a  portion  of  the  fuel,  the  products  of  this  com* 
bustion  heating  the  regenerator  and  leaving  it,  as  was  the  case  at 
Essen,  at  225°  C. 

To  ascertain  how  much  carbon  is  needed  to  obtain  this  amount  of 
heat,  we  must  proceed  as  follows : — 

CftloriM. 
Heat  afforded  by  1  unit  of  carbon  burnt  to  carb.  acid  with  production 

of  3*666  CO,  accompanied  by  8*797  of  nitrogen  225°  C 8,000 

Less  carried  off  by  CO^  3*666    x   -216  sp.  heat  x  225°  -       178 
8-797    X    '244        „         x  225°  -       488 

661 

Net  heat  afforded  by  1  unit  of  carbon,  burnt  to  supply  heat  for 
generating  water-gas 7,889 
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6*46  units  of  carbon  needed  in  addition  to  the  12 


7,889 

nitB  oontained  in  the  available  gas,  to  yield  30  units  of  the  latter  at 
OOP  C.  It  Mows  then  that  12  +  6*46  or  18*46  units  of  carbon  yiel<l 
;m  capable,  in  the  cold  state,  to  generate  185,200  calories,  or  each 
mit  of  carbon  consnmed  yields  7,324  units  in  the  form  of  water-gas. 

In  the  estimate  just  given  no  allowance  whatever  is  made  for  loss 
^  radiation,  etc.,  which,  as  is  well  known,  must  add  something  to  the 
feqpenditnre  of  ftiel. 

In  Uie  event  of  this  water-gas  being  applied  as  a  means  of  heating 
Rkly,  the  nsefhl  effect  of  the  carbon  consumed  in  its  production  will  be 
Buit  used  by  the  fiill  powers  of  the  latter  minus  the  waste;  which  cannot 
k  kflB  than  close  on  10  per  cent.,  and  may  be  double  this  amount  or 
more.  If  however  the  hydrogen  it  contains  is  only  partially  applicable 
u  a  means  of  heat  evolution,  as  appears  to  be  the  case  in  the  blast 
famaoe  (viltfo  p.  820,  et  seq,,  on  Sc^otch  furnaces),  then  out  of 
1S5,200  calories  a  large  portion  might  for  this  purpose  be  useless. 

In  the  estimate  just  given  it  is  assumed  that  the  gas  is  pure ;  in 
ether  words  that  all  the  steam  is  decomposed,  and  decomposed  in  such 
•  way  as  to  ensure  the  products  being  all  combustible  giis.  Instead  o\' 
ttig,  some  steam  escai^es  decomposition,  and  some  carbon  is  converted 
tao  carbonic  acid — the  latter  beinji:  a  direct  soun^e  of  loss  and  tho 
former  very  hurtful  in  the  blast  furnace  itself.  Besides  these  sources 
of  contamination,  a  little  atmospheric  air  is  always  to  be  found  in 
'ater-gas  made  in  the  way  already  descriljed. 

Mr.  Dwight  htus  kindly  furnished  nie  with  an  analysis  of  this 
|Meou8  fuel  obtained  by  passing  superheated  steam  over  raw  coal. 
Its  constituents  by  weight  were  : — 


Per  Cwt. 

Carbon  Content 

Oxygen            

1-710 

— 

Carbonic  acid 

6372 

1-738 

Carbonic  oxide 

70-969 

30-415 

Hydrogen         

7-473 

— 

Hydro-carbon  (CH^)... 

4-6.W 

3-486 

Nitrogen          

8-798 

— 

100- 

35-639 

S84 
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AccordiBg  to  the  information  supplied  to  me,  one  pound  of 
emjiloyed  in  the  apparatus  affords  2n  cubic  feet  of  gas,  which,  if  u 
the  oomp<»siti(m  just  given,  will  wei^h  r()29  11m, 

From  this  it  would  Ibllow  tluit  luO  lbs»  of  coal  may  be  considered 
as  giving  103  lbs,  of  the  gas;  and  as  the  gaa  itself  contains  36*688 
per  cent,  of  carbon,  we  have  in  the  lOS  lbs.  of  gas  36*71  lbs. 
carbon  obtained  from  treating  100  n>s.  of  coiil-  But  if  the  coal  asti 
contains  Bit  per  cent,  of  carbon,  whii^h  is  probably  the  least  we  tmr 
expect,  then  each  pound  of  carbon  in  the  gas  has  been  obtained  by  kh 

expenditure  of  or  1^8  lbs,  of  carbon  in  the  coal. 

In  the  two  cases  we  are  considering,  it  appears  that  for  100 
of  carbon  employed  the  following  are  the  products : — 


Pure  water  gas 

Water  gas  &s  niade  f 
with  raw  uoal        | 


UKfQ]  Oiu-bOD  (CX)) 
AOd  Hjdro-aarboDs. 

65     CO, 

52-9  CO  &  CH 


UieliiMi  OitrlKitL 


ml. 


27 


O  ootfttBagd  ti 
irodniotloEi  of  fM. 

35 
444 


With  regard  Ui  any  idea  that  either  of  the  two  gaae§  JOA 
referred  to  could  Ik?  suitable  forms  of  combustible  for  a  blast  furnioe, 
and  that  they  and  the  blast  could  be  delivered  at  the  tuyeres  at  a  fcem- 
jx-rature  of  1,000°  C.  =  1,832°  P.,  which  is  probably  alx)ve  that  u> 
which  they  could  be  heated,  we  may  take  the  following  as  the  quanlitit^ 
of  beat  which  would  in  such  case  be  generated. 

Pure  fmter  gas. — Quantity  of  heat  civpable  of  being  evolved  per  unit 
of  carbon  cousuraed  in  making  the  gas,  of  which  unit  *35  8uppli«« 
the  heat  for  decomposing  the  water,  lea\dng  *65  available  in  ti»»^ 
blast  furnace. 

Weight  of  gas  afforded  per  unit  of  carbon  coniiximed         l'6i25  aaiU. 

Air  required  For  buriiiug  1'625  uuiU  of  gas 7*455       „ 

Specific  iieitt  of  the  water-gas  ...  , *456 

Hmt  afford.^  bj  combiiHion  of  ^],er  u.dt|  7*324calon«L 

of  C  wjth  mr  ttt  0"  C,  -  32^  F.  j 

Let  it  further  be  supposed  that  in  order  to  preserve  the  reducing 
character  of  the  mixed  gases,  one  tenth  only  of  the  water-gas  was 
burnt. 
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-5ar. 


H'ttt  lu  t'u:i5  ol  ^jTn^  (eniiui  lu  l  of  e  l^uriit  m  generator)— 

Ucst  tn  ]  iTlOth  of  air  required  for  ocnnplete  combtistion— 

^~    It  -237  tp.  halt  X  ijQOOr  C\ 

Hiftt  of  combtistinii  cif  1/lOtVi  of  gws^ 
1-625  -h  10   •   7,3^4  calorie* 

Total  bent  jK?r  unit  of  cnrbon 


=  7U0 

-  176-5 

-  7a2-4 

16189 


Waier  <ias  m  oUaimd  fr&m  nkam  atid  raw  tml — Quautltj  of  heat 

lie  of  being  evolved  per  unit  of  carbon  consumed  in  making  the 

,  of  which  luiit  oiiiy  -529  is  available  in  the  furnace;  weif,^ht  of  gas 

led  per  unit  of  carbon  consumed*  r02l»  unit;  air  required  for 

r029  unit  of  the  gas,  5"185  unitB;  specific  heat  of  the  ^m* 

494 ;  namber  of  calories  afforded  by  ite  combustion,  when  burnt 

air  at  0°  C.  =  32^  R,  .5,020. 


H<At  in  1'029  of  giu  (<^r{tiiLl  to  1  of  C.  btimt  in  generator) 
Jt   '•49'^  «p.  heat  X  1,000^  C 

II«(it  in  Moth  of  air  rettttirtMl  fc»r  complete  eombastion — 
5*185 


OftloriM. 


-  508a 


10 


*  -237  »jp,  bwt  K  1,000°  C. 


Heat  of  combfwtion  of  t/lOtb  of  ^* — 

1029  -r-  10  K  5.026  calorien     

Total  heat  per  unit  of  carbon . , . 


122-9 


502'6 


1133  8 


Thus  it  appears  that,  when  burnt  in  the  way  suggested,  there  is  ob- 
usefiil  heat  in  the  furnace,  for  each  unit  of  carbon  delivered  to 
generator,  to  the  amount  of  say  1,G4B  calorics  from  pure  water-gas 
le  with  coke,  and  siiy  1,133  calories  from  water-gas  as  it  is  actually 
ined  from  raw  coal. 

Lejiving  the  theoretical  gas  oij  one  Bide,  and  confining  ourselves  to 

practical,  we  can  easily  compare  this  result  of  1,133  calorics  with 

quantity  of  heat  evolved  by  each  unit  of  raw  coal  in  the  blast 

,  as  described  in  the  present  sectiun.     There  it  will  be  seen  we 

110,577  calories  aflbrded  by  42*81)  of  coal ;  equal  therefore  to 

\W  calories  for  each  unit  of  coal  consumed. 

Of  these  110,577  calories  24,5GO  were  absprbed  in  expelling  the 
oktile  constituents  contained  in  the  coal;  which  work  in  the  present 
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case  has  already  been  performed  in  the  water-gas  generator.  Tl 
leaves  86,017  for  the  other  work  of  the  fomaoe.  The  gases  oontain 
4*43  units  of  carbon  in  the  form  of  carbonic  acid,  equivalent  to  243 
calories  evolved  in  raising  this  weight  of  carbon  irom  carbonic  oxide 
carbonic  acid. 

OftlorieB. 
If  then  to  make  20  anits  of  pig  iron  there  is  required  ...  86,017 
Of  which  the  generation  of  carbonic  acid  from  carbonic. 

oxide  gives 24306 

There  is  left  for  the  combustion  of  the  water-gas  to  supply. . .        61.209 
^^^  1  TQQ   "  ^  units  of  raw  coal  used  in  the  water-gas  generator. 

According  to  this  statement  then,  there  would  be  required  54  oni 
of  coal,  burnt  with  air  at  1,000°  C,  to  produce  the  same  quantity  • 
heat  from  water-gas  as  42*39  units  of  coal  burnt  with  air  at  427®  C 
showing  a  loss  of  about  22  per  cent. 

But  the  quantity  of  heat  is  not  the  only  question  which  has  to  1 
considered;  tor  the  intensity  is  of  equal  importance.  Now  the  spedl 
lioat  of  the  products  of  combustion  of  water-gas  made  from  coal,  ai 
having  the  composition  already  mentioned,  is  '268. 

Its  quantity,  per  unit  of  carbon,  we  found  to  be — 
1-029  ^-^  5185  _.g^^^ 

The  specific  heat  of  the  unburnt  part  of  the  gas  =  '494,  i 
quantity— say  9/lOths  of  the  whole— 9/10  x  1*029  =  '9261. 

From  these  data  the  temperature  of  this  imperfect  combustion 
thus  estimated : — 

T  =  1>133  cal.  -  64  cal.  latent  heat  of  vap.  of  water  a  iio  p 

•6214  X  -268  +  -9261  x    494  '    '  °'' 

A  temperature  of  1,715°  C.  is  probably  below  that  at  which  \ 
furnace  could  be  worked;  but  this  no  doubt  might  be  met  by  a  mon 
perfect  combustion  of  the  water-gas.  Thus  it  is  found  by  estimatioD 
tliat  the  temperature  produced  by  burning  water-gas  made  from  raw 
coal  with  one-third  of  the  air  needed  for  perfect  oxidation  is  2,495*^  C 
(4,528  F.) 

It  is  however  needless  further  to  examine  the  system  in  this  direc- 
tion; because,  if  all  the  difficulties  already  pointed  out  were  effectuaBj 
set  aside  there  is,  I  am  of  opinion,  no  question  but  that  the  prindp^ 


[ON  XL— HYDROOBK  IN  THB  BLJiST  FURNACE. 


^?,7 


i^  iimaamciiiij  coT^neuvty.     Altliotip^  the  minerals  in  the  ordinujy 

fcw  are  ^teed  fix>u)  almost  all  their  oxygen  in  the  upper  zone  it  is  at 

'.  time  a  powerfUUj  reducing  instniment  at  its  lower  extremity* 

is  no  necessity  whatever  to  discnss  the  reducing  power  in  the 

er  zone  of  a  furnace  attempted  to  be  driven  by  water-ga8;  because 

difficulty  will  arise  in  the  zone  of  fusion  where  this  ga8e4>us  fuel 

the  blast.    The  heat  produced  at  the  hearth  must  of  com^  lie 

on  the  oxidation  of  the  hydrogen  and  of  the  carbonic  oxide, 

t^  Turing  vapour  of  water  and  carlx>nic  acid. 

e  a  work  of  supererogation  to  *i8certain  by  experiment 
tie  ctlccL  of  highly-heated  iron  must  be  on  va|:>our  of  water  and 
acid,  Itut  in  the  absence  of  any  exf>erience  of  the  conduct  of  a 
'  of  these  two  suhetancea,  the  following  trials  were  made: — 
[Ten  grammes  of  pnre  henuitit'C  ore,  in  grains  about  the  sisse  of 
seed,  were  exposed  in  a  porcelain  tubej  at  a  temperature  of 
1,000^  C.  (1,832°  F.)*  to  a  current  of  a  mixture  of  equal  vulnmes 
bydrogen  and  carbonic  oxide. 

The  ore  lost  in  wei^bt  oxy§ft5ti        ,.. 

Hie  wrUtT  coUettcd  indicated  deoxid»tion  VyUydrogeu  .,  11 
Tlie   cju-boiiic  ticid  coUected  indicated  deoddation  bj 

I'ju'boTxic  oxide 1  1909 

— —  2mm 

DiSen^nisa  due  to  experimental  emir  ftnd  carbuo  absorbed  by  iron      "0640 

I  gpor»gy  iron  thus  produced  was  then  exposed  to  a  cun'eiit  of  watciy 
and  c^arbonic  acid^  generated  by  exposing  an  equal  quantity  of 
I  to  the  water-gas,  the  iron  fiponge  and  ore  being  heated  as  Ix^fore  to 

a 

Th«  ore  Um.  of  iU  oxji^eii  ... 
Of  tbtft  bj^drojEceti  removed 

carbonic  oxide  removed 

tlio  i^pougy  iron  ftbsorbod 

Ihffcjreiice  due  to  experimental  error  und  to  deposited  e&rbon  , .       '0548 

'  tlib  case  the  gain  of  oxygen  by  the  mctidlic  iron  was  close  on  89 
roent.  of  the  loss  of  oxygen  experienced  by  the  ore. 


Gnuumci. 
2-9230 


Grmmmm. 
...     1"5153 

'5347 

5268 

1-0615 

•3990 

14flOB 
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The  same  mixture  of  gases  was  then  tried  on  calcined  Clei 
ore  also  broken  to  the  size  of  mustard  seed  and  containing  43*7 
cent,  of  iron.    Six  litres  were  passed  in  two  hours  over  10  grai 
ore,  the  temperature  being  maintained  at  1,000°  C.  =  1,832®] 
during  which  time  the  metal  lost  88  per  cent  of  its  original  oi 
The  weight  of  the  six  litres  of  water-gas,  namely,  4*018  grammes, 
increased  to  5'712  grammes  after  passing  over  the  ore. 

The  oxygen  thus  separated  weighed  per  100  of  ore    ...  16*470 

As  estimated  from  the  carbonic  acid  coUected,  the 

carbonic  oxide  removed       8*209 

As  estimated  from  the  water  coUected,  the  hydrogen 

removed        8*729 

16-938 


Difference  due  to  experimental  error  and  carbon  deposition     ...        *468 


The  gas  after  passing  over  the  ore  would  have  the  fblloi 
average  composition  in  100  parts  by  weight: — 

1. — Oxidized  gtue*. — Carbonic  acid  ...    39*5     Water  vapour    17'2  —  i 
2. — Unaltered  gcues. — Carbonic  oxide       40*5     Hydrogen    ...       2*8 — 

100* 
VolometricaUy  100  volumes  would  contain- 


Voh. 

1. — Carbonic  acid 

...     191 

Vapour  of  water    . 

.     20-8-39*4 

2. — Carbonic  oxide 

..     30-8 

Hydrogen    ... 

.     29-8  «  60^ 

100 

By  weight  1  of  C  as  CO,  is  accompanied  by  1*61  of  C  as  CO. 
lofHasH^O  „  1-46  of  H  as  H. 

_2  3*07 

Showing    1'535    of  reducing  gases  to  1  of  C  and  H  as  oxidizid 


By  measure  100  volumes  of  the  reducing  (CO  and  H),  are  aasodattl 
with  6*5  of  the  oxidizing,  gases.  Over  ten  grammes  of  the  same  oretf 
that  used  in  the  former  experiment  6  litres  of  pure  water-gas  was  puNl| 
equal  to  60  litres  per  100  of  ore;  the  temperature  as  before  bdflj| 
1,000°  0.  =  1,832°  F.  I 
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Oalciilated  on  100  grammes  we  have  the  following  nambers: — 
Rednoed  ore,  equal  to  83*58  grammes,  as  placed  bejoud  the  100 


of  caldned  ore  so  that  the  water-gas,  partly  converted  into 
fat  and  carbonic  add,  passed  over  it. 

Grammes. 

The  100  of  freth  calcined  ore  lost  of  OX jgen     15'04 

Aeeoonted  for  ae  follows: — 

Hjdrogen  took  up     5*99 

Carbonic  oxide  „        6*22 

Reduced  iron    „        3*16 

15*3 

IMffevenoe  dne  to  experimental  error  and  carbon  deposition   ...  '33 

The  escaping  gases  were  also  examined  with  the  following  results : — 

The  60  litres,  calculated  on  100  grammes  of  calcined  ore,  consisted 

f  30  litTOB  of  carbonic  oxide,  or  87*50  grammes,  and  80  litres,  or 

M  grammeB,  of  hydrogen  =  40' 18  grammes  of  original  gas  raised  to 

^'12  grammes  in  the  former  experiment.    By  the  loss  of  oxygen 

M»orbed  by  the  metallic  iron  the  weight  was  now  reduced  to  52'8i> 

pammes,  and  100  parts  by  weight  consisted  of — 

L — Oxidized  gates.— Csxhcmxc  acid    82*6  +  Vapour  of  water  12*8  =  45*4 
2. — Cr»after»d ^cMW.— Carbonic  oxide  50*8  +  Hydrogen         ...    3'8  =  5^4*6 

100- 

Volmnetrically  100  contain — 

1. — Carbonic  acid       14*3  +  Vapour  of  water  13*7  -^  28 

2. — Carbonic  oxide    35*0  +  Hydrogen         ...  36*8  -  72 

100 

By  weight— 1  of  C  as  CO,  accompanied  by  1*24  of  C  as  CO. 

1  of  H  as  H.O  ,,  1-26  of  H  as  H. 

2  3*50 

Slowing  1*75  of  reducing  gases  to  1  of  C  and  H  as  oxidising  gases. 

By  volume  100  volumes  of  reducing  gases  (CO  and  H)  are  asso- 
iited  with  39  of  oxidising  gases. 

In  the  experiment  just  described  the  oxygen  removed  Irom  the 
lUcined  ore  (by  H  5*99  grammes  and  by  CO  G'22  grammes)  was  12*21 
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grammes;  while  the  reduced  ore  took  up  only  3*16  grammes  or  a 
little  under  26  per  cent,  of  that  lost  by  the  oxidized  ore,  both  con- 
taining the  same  quantity  of  metallic  iron. 

There  is  not  the  slightest  reason  to  suppose  that  the  immeoBe 
surface  of  highly  heated  iron  which  fills  the  interior  of  a  blast  furnace 
would  not  amply  suffice,  so  long  as  it  retained  the  temperature  proper 
to  the  smelting  process,  to  decompose  all  the  carbonic  acid  and  vapoor 
of  water  exposed  to  its  influence.     Admitting  however  that  only  2^  j 
per  cent,  of  the  metal  was  i*e-oxidizedy  and  taken  up,  as  it  would  be^  j 
by  the  slag,  the  cost  of  the  remainder  of  the  iron  would  be  raised  to  a  i 
corresponding  extent — not  to  speak  of  the  physical  difficulty  of  working 
a  blast  furnace  in  which  one-fourth  of  its  iron  was  running  over  the 
slag  notch.    Instead  of  cast  iron  we  should,  under  the  supposed  ood- 
ditions,  have  an  infusible  mass  and  a  cinder,  the  corrosive  action  of 
which  no  brickwork  could  withstand. 

What  the  ultimate  fate  of  the  furnace  itself  would  be  under  such  a 
mode  of  treatment  we  shall  probably  never  know,  for  it  is  not  to  be 
supposed  that  the  operation  would  be  continued  long  enough  to  supply 
us  with  this  information. 

I  met  recently  with  the  account  of  an  experiment  in  which  an  attempt 
was  made  to  drive  a  furnace  partly  with  coke  and  partly  with  water- 
gas.  On  the  circumstances  and  conditions  of  this  experiment  I  shonld 
like  to  say  a  few  words;  because  they  seem  to  me  to  confirm  the 
general  views  just  laid  down.  A  smaU  furnace  was  constructed,  21 
feet  high,  in  which  with  blast  heated  in  a  Cowper's  fire-brick  store » 
few  cwts.  only  of  metal  were  made  per  day  with  an  expenditure  of 
about  7  tons  of  coke  per  ton  of  iron.  No  information  is  given  to 
account  for  the  singularly  defective  character  of  these  results.  Forty 
years  ago  I  worked  a  furnace  20  feet  high — of  larger  diameter  it  tf 
true;  but  out  of  it  7  tons  a  day  were  run  with  an  expenditure  of  only 
2  tons  of  coke  per  ton  of  metal,  although  the  blast  was  under  650^  F* 

To  the  furnace  now  referred  to  water-gas  was  then  applied— not 
alone  as  has  been  intimated,  but  with  the  retention  of  a  consid^nhk 
<iuantity  of  coke,  which  was  introduced  into  it  with  the  ore  and  fttt. 
The  daily  produce,  in  2i  hours,  was  then  about  6^  tons  and  the 
consumption  of  coke  per  ton  of  iron  was : — 
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.TH 


ChmtgeA  as  such  Into  the  blust  fnrnftce 
Coiuiamed  in  tbe  water-gae  genemtor 

Total  coke  {»er  ion  of  iron 


3034 
25*74 


I  The  temperature  of  the  blast  is  not  given;  but  that  of  the  water- 
I  !b  stated  to  have  Ijeen  r^OO^  C,  (IJIS**  P.)  exactly  that  previously 
in  these  pa^cs.    The  limestone  per  ton  of  iron  was  under  4 

[The  description  of  the  experiment  does  not  cx)ntain  the  details 
ary  fnr  inakiuf!^  any  critical  examination  of  all  the  results;  but 
8  statedi  that  operations  had  to  be  suspended  owing  to  the  "chilling*' 
he  farniice*  This  difEeulty  was  ascribed  to  the  quantity  of  raoistui'e 
ore — the  oolitic  of  Luxemburg^ — which  ajntained  in  all  19'50 
f  cent,  of  volatile  matter.    To  expel  this,  probably  a  couple  of  cwts. 

oke  would  have  sufficed  on  each  ton  of  iron  made. 

[I  atn  however  confirmed  by  what  is  said,  lu  my  view  of  the  oxidiz- 

^      y  which  the  presence  of  carbonic  acid  and  vop^uir  of  water 

_  :  ._!  on  the  gases  of  the  hearth  ;  for  it  is  stated  in  the  account 

of  the  trial  that  the  mineral  used  contained  34*50  per  cent,  of 

Ht  while  the  pig  iron  prodaccd  only  ct>rre8ponded  to  a  yield  of  25*G 

cent.     Here  then  we  have  a  turmicc  within  which  aod  indepen- 

tly  of  the  water-gas  nearly  as  much  ci  >ke  is  consumed  per  ton  of 

as  would  alone  in  the  ordinary  blast  furnace  suffice  for  its 

luction,  and  at  the  same  time  actually  wasting  25 i  per  cent,  of  all 

iron  in  the  ore — no  doubt  by  the  oxidizing  character  of   the 

Incts  of  the  combustion  of  the  water-gas,  that  combustion  being 

ained  at  the  expenditure  of  iJ5'74  cwts.  of  coke  on  the  ton  of 

[While  admitting  that  the  dimunsions  of  this  experimental  fm-nace 
not  such  as  to  command  any  large  measure  of  success,  to  my 
%d  the  indications  it  has  furnished,  confirm  the  opinion  tliat  for 
em^  iron  in  a  blast  furnace  water-gas  will  be  found  entirely 
aited.  That  the  introduction  of  a  moderate  quantity  of  this 
tu  of  fdcl,  in  tlie  way  practised  and  abandoned  by  Mr.  Dt^wes 
ay  years  ago,  may,  while  wasting  a  portion  of  the  iron,  partly 
I  the  remainder  firom  Bilicon  and  pbosphoros^  is  not  impossible. 
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When  in  the  discharge  of  my  dntj  as  a  jndge  at  the  Philadelphi 
Exhibition  in  1876,  my  attention  was  drawn  to  a  spedmen-of  iro 
described  as  having  been  smelted  with  petroleum  injected  at  the  tuyerei 
No  information  was  given  as  to  the  circumstances  under  which  it  wa 
produced. 

The  experiment  has  been  repeated  by  Mr.  B.  W.  Shippon'  o 
Meadville  in  Pennsylvania,  who  forced  in  a  stream  of  this  oil  previooBlj 
heated.  At  the  commencement  of  the  trial  the  furnace  was  being 
worked  with  vegetable  fuel ;  and  although  the  temperature  of  the 
hearth  previously  was  satisfactory,  the  moment  this  liquid  hjdro- 
carbon  was  introduced,  the  cooling  effect  was  such  that  it  was  do 
longer  possible  to  effect  a  separation  of  the  iron  from  the  slag. 

*  Journal  of  United  States  Association  of  Charcoal  Workers,  Nov.,  1882i 
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pjf  THE  PRODUCTION  OP  MALLEABLE  IKON  m  LOW 
HEAETH8  FKOM  PIG  IRON, 

»vx  uow  ieen  how  tlie  metal  iron,  gnadually  freed  from  ite 

oxygen   during    ite  passage   through  the  blast  fnroflioe, 

*«  lit  rJre  zone  of  fusion  intensely  heated^  and  there  enters  into 

ftljinatioti  with  carbtm  und  (^ther  sulit^Uinces,  the  product  l>eing  cast 


iirtiD. 


[&  the  aitg  this  csoinmodity  i»  one  of  great  tmpoitanee.    It  melts 

IT,  lakeB  the  fonn  of  any  mould  into  which  it  is  jjonned,  and  is 

^  ifaaped  in  the  lathe  and  by  other  well-known  appliances.     Com- 

writh  wrought  inm,  cast  irtm  is  deficient  in  strength  by  about 

I  half  to  thn*e  fotirUw;  and  aUjve  all  it  is  entirely  devoid  of  that 

ty  which  rcndere  the  mallciible  metal  so  valuable,  namely  its 

ity  of  lieing  welded  or  worked,  when  softened  by  heat« 

To  free  cast  ii'on  from  those  sul^sUinctiS  which  interfere  with  mallea- 

jty,  various  modes  of  treatment  are  adopted  j  and  it  is  to  a  conai- 

|ion  of  these  that  the  remainder  of  this  work  will  be  devoted^  so 

manufacture  of  the  metal  is  coucemed. 

U  propiiged  to  do  this  in  a  innch  more  concise  manner  than  has 

followed  with  regard  to  the  Hmeltiug  ui  the  ore.     The  latter, 

Hm   more  complicated  character,  neceastirily  involved  a  more 

[leued  discussion ;  and  it  is  moreover  a  section  of  the  pixtoessee 

tiich  my  own  attention  has  been  mora  especially  devoted,  particn- 

f  during  the  last  doz^eu  years. 

The  chief  object  of  what  follows  is  to  set  forth  certain  principles, 
or  less  apfiarc^nt  in  all  the  prot^csses  by  which  the  unpuritieBp  as 
ay  regard  tlicm,  are  sepamted  fitiUi  the  iron  itself. 
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When  pig  iron  was  first  placed  in  the  hands  of  the  bar  iron  maker^ 
the  only  means  at  his  disposal  was  the  low  hearth,  in  which  he  had 
been  accustomed  to  obtain  his  product  direct  from  the  ore.  Of  this 
primitive  contrivance  there  exist  several  modifications,  used  for  separa- 
ting the  carbon,  silicon,  etc.,  from  the  pig. 

At  first  sight  there  appears  a  certain  amount  of  inconsistency  in 
the  adaptation  of  an  apparatus  to  a  function  entirely  opposed  to  that 
to  which  it  was  originally  devoted.  A  chief  oflBce  of  the  Catalan 
hearth  was  the  reduction  or  deoosidation  of  the  ore ;  in  the  Lancashire 
fire  and  other  analagous  appliances  the  object  to  be  achieved  is  the 
(mdation,  more  or  less  completely,  of  the  carbon  and  metalloids,  found 
in  combination  with  the  metal  in  the  pig. 

No  doubt  the  workman  endeavoured  so  to  manipulate  his  fuel  and 
blast,  as  to  mitigate  the  evil  referred  to.  His  endeavour  in  the  ore 
hearth  was  directed  to  maintain,  as  far  as  he  was  able,  a  redacing 
action  among  the  charcoal;  while  in  the  operation  of  "fining,"  as  it 
is  termed,  the  temoval  of  the  carbon  and  other  substances  required 
the  presence  of  an  oxidizing  atmosphere. 

We  have  already  seen  how  large  a  waste  of  metal  accompanied  the 
use  of  the  Catalan  furnace,  as  compared  with  the  blast  furnace,  where 
the  loss  from  this  cause  is  reduced  to  a  minimum.  The  low  hearths 
employed  for  obtaining  wi'ought  iron  from  the  pig  had  to  contend 
against  the  same  disadvantage,  caused  by  the  free  exposure  of  the 
porous  malleable  product  to  an  atmosphere  which,  from  its  richness  in 
carbonic  acid,  could  not,  at  the  high  temperature  of  the  operation, 
fail  to  be  one  of  a  highly  oxidizing  nature.  In  this  particular  however 
it  occupied  a  diflferent  position,  when  compared  with  its  eventual  rival 
the  puddhng  furnace,  to  that  of  the  Catalan  furnace  when  contrasted 
with  the  blast  furnace ;  for  in  both  these  modes  of  obtaining  malleahle 
iron  from  the  crude  metal  the  waste  is  considerable,  whereas  as  has 
just  been  stated  the  loss  of  iron  in  the  blast  furnace  is  practically  ni- 

When  the  Lancashire  fire  is  looked  at  as  a  means  of  producing  an 
article  of  excellent  quality,  it  is  a  process  which,  in  spite  of  its  imper- 
fections, deserves  some  notice ;  for  it  has  maintained  its  ground  amid 
all  the  commercial  changes,  which  have  brought  a  certain  embarrass- 
ment  upon  some  other  branches  of  the  iron  trade. 
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is  a  little  hazardnus  to  venture  on  expressing  aa  opinion  aa  to 
futufe  of  a  tTUMlo  of  manufacture  which  still  continues  to  l)e 
weci  in  8wt^den  and  RuMia,  for  producing  the  finest  bmndjsof  iron 
in  commerce.  If  the  sjetem  is  expensiv'e,  it  yet  possesaes  the 
imncndittiuri  of  iMung  calculated  to  remove  impurities,  by  the 
waste  of  iron  which  accompanies  its  practice, 
t  might  be  considered  that  any  extraordinary  precautions  iii 
King  such  pi^^-irons  as  are  employed  for  the  high  qualities  of  bar 
in  question  would  be  mperfluous;  since  the  ore  employed  for 
maiitifiwjture  is  almost  free  from  sulphur  and  [jhospboms,  luid 
coal,  the  fuel  used  in  Sweden  and  Russia  for  the  blast  funiace  and 
■jwhire  and  Wallo»»n  fires,  is  the  purest  fonn  of  solid  combustible 
which  we  are  atxiuainted. 

Inch  progress  may  fairly  be  claimed  as  having  been  made  in  con- 

,ing  cx^rtiiin  defects  in  maUeable  iron  with  the  presence  of  ccitnin 

ign  bodies;  although  there  is  no  don  I  it  something  yet  to  leani 

any  well  defined  law  can  be  laid  down,  which  will  determine 

quality  of  iron  by  the  exact  amount  and  natm^  of  the  impurities 

id  associated  with  it.     The  difTcrence  in  content  of  pliosphorus 

easily  account  for  the  superior  excellence  of  the  three  foreign 

ids  enumerated  below,  when  compared  with  the  make  of  some  of 

best  known  British  firms.     One  of  the  latter,  from  West  York- 

U  18  of  its  kind  much  esteemed,  and  commands  a  very  high  price ; 

d  the  other,  although  less  well  known,  is  remai'kable  for  its  purity, 

aring  in  mind  the  fact  that  it  is  made  exclusively  from  Cleveland 

J  iron,  which  in  itself  contains  an  excessive  amount  of  phosphorus. 

llopldiui* 


Swedish. 

w««t 

YorkildK. 
•192 

O&kcw, 
DAJTKS 

Cafbott 

'Om 

•300 

•065 

SUicoti 

nil. 

•100 

'016 

•012 

Sulphur 

nU. 

■025 

•010 

•025 

PUt>KjiIiuru>« 

•005 

■100 

■067 

•085 

Mitiipnje*e 

nil. 

-050 

086 

■058 

ArBviiic 

nil. 

nil. 
•475 

Copper  -010 

■025 

Tot*l  fomgn  boclie* 

-045 

•381 

•260 

Inin           

99-956 

99525 

99^619 

99^740 

100- 

lOO 

lOO^ 

IW 
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A  great  advantage  attending  the  Swedish  mode  of  making  malleable 
iron  is  the  perfect  manner  in  which  scoria  as  well  as  the  associated 
metalloids  are  separated  from  the  product.  This  will  be  seen  on  re- 
ferring to  the  analyses  in  which  Swedish  bars  are  shown  to  contaiii 
fully  99^  per  cent,  of  iron  (Fe).  Some  addition  to  the  "foreign 
bodies"  in  the  British  iron  ought  to  be  made  for  the  scoria,  which 
however  is  very  variable  in  its  amount. 

The  following  is  the  composition  of  the  pig  metal  used  for  making 
the  malleable  iron  given  in  the  previous  page : — 


Swediih. 

West  YorkBhire. 

Honkiiii.  Gflkv, 
uidOo..01efeiwd 

Carbon 

4-00  to  4-60 

3-686 

3-350 

Silicon 

•20  „     -50 

1255 

1-560 

Sulphur 

•01    „     -03 

■033 

•140 

Phosphorus 

•01  „      15 

•566 

1-550 

Manganese 

tr.   „   1^80 
4-22        6-98 

nil. 
5539 

nil 

Total  impurity... 

6-590 

When  we  recollect  that  the  ore  from  which  Swedish  iron  is  manu- 
factured contains  from  15  per  cent,  to  20  per  cent  of  foreign  matter* 
it  is  no  small  thing  to  say  in  favour  of  a  process  that  in  two  operations 
or  three  including  the  forge,  it  gives  us  a  product  of  which  99*95  p» 
cent,  may  be  pure  iron. 

Forty  specimens  of  scoria?  from  the  Lancashire  hearth  gave  on 
analysis  an  average  of : — 

Per  Cent. 
Silica        9-52 

>  64*33  iron. 


Peroxide  of  iron 

12-971 
71-05) 

Protoxide       „     

„        manganese     ... 

3-65 

Lime,  alumina,  etc. 

2-81 

100- 


Partly  from  my  own  observations,  but  chiefly  from  those  of  mj 
friend  Professor  Richard  Akerman  of  Stockhohn,  I  have  drawn  up 
the  following  short  account  of  the  work  performed  in  the  so-called 
"  Lancashire  fire,"  as  imported  into  Sweden  from  South  Wales,  where 
it  was  at  one  time  extensively  employed  in  making  iron  for  tin 
plates. 
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*The  funcs  vary  in  size,  so  that  the  produce  mnp^es  from  7  to  15 
of  blooms  j>er  12  shifts,  each  fire  being  managed  by  2  to  3  men 
ording  to  size.  Taking  two  of  these  men  as  earning  3s.  (5d.  per 
,  which  was  the  average  wage  when  I  wi4s  in  Sweden,  the  labour 
f  amounts  to  from  lOa.  U*  12r.  per  trm.  The  consumption  of  char- 
,  using  air  at  H'2^  F.  (100°  C),  is  given  at  about  1,400  lbs,,  per 
I  of  blooms.  In  some  of  the  Swedish  works  charcoal  is  obtained  at 
all  outlay.  Immense  quantities  of  logs  are  sawn  up  into  planks, 
the  cuttings,  valueless  for  other  purposes,  are  burnt  into  charcoal. 
I  this  way  the  tnel  supplied  to  the  iron  works  oecjasionaily  costs  as 
fttle  m  20s.  per  ton,  and  in  some  rare  instances  even  less  than  this. 
The  waste  of  pig  iron  in  the  fire  is  stated  to  be  1 H  r)er  cent. 

These  blooms  are  drawn  into  l>ars  under  the  hammer  for  the  finer 
(oalities.    For  tliis  the  labour  costs  about  128.  per  ton,  the  waste  being 

»per  cent,  and  the  fuel  alxjut  12  cwts.  per  ton  of  Imi-s. 
The  expense  incurred  for  fuel  is  of  coui-sc  enormous;   but  this 
Ki  in  the  cost  of  manufacture  is  high,  not  from  the  extmordinary 
ttantity  required,  liut  fi^om  its  high  price.    The  waste  of  iron  is  some- 
more  than  would  be  incurred  in  making  bars  of  a  similar  size 
m  puddled  iiT)n.     The  fuel  used  in  the  couvei'sion  of  the  pig  to  the 
lleable  fonn  is  about  5  cwts,  more  than  that  required  in  a  ino<lcm 
^G  and  rolling  mill. 
Taking  pig  iron  at  60s.  per  ton,  at  which  price  or  even  less  it  is 
betimes  made  in  Sweden,  we  have  the  following  as  the  cost  of  metal, 
wur,  and  fuel  required  for  producing  wrought  iron  in  these  old- 
uoned  Swedish  irou  works; — 


26  cwU.  of  pig  iruii  ii.i  60a.  per  ton, 

£5  to  dO  cwU  i»f  t^liHivoat  ttt  208,,  eaj  27^  cwU,. 

LBboof  , 


£ 

a. 

d. 

3 

18 

0 

1 

7 

H 

I 

3 

0 

£6 

8 

6 

iTo  this  cost,  which  is  a  very  fkvourable  one,  a  considerable  sum 
other  expenses  ha«  of  course  to  be  added.  When  however  the 
tig  price  nf  the  commodity,  which  is  often  as  high  as  £10  or  £12 
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per  ton,  is  taken  into  the  account,  it  is  easy  to  perceive  that  for  the 
finer  brands  there  is  no  reason  to  abandon  the  manufacture  of  Swedish 
bars,  nor  indeed  to  substitute  other  more  modem  systems  for  that  in 
present  use. 

In  the  statements  of  cost  and  waste  it  must  be  borne  in  mind 
that  the  Swedish  bar  is  a  finished  product,  whereas  to  iron  made  in 
a  puddling  fiimace  has  to  be  added  the  expense  and  loss  of  metal 
incurred  in  re-roUing. 

The  total  quantity  of  hearth-refined  malleable  iron  produced  in 
Sweden  is  about  240,000  tons,  and  in  Russia  about  800,000  tons,  of 
which  latter  a  considerable  proportion  is  obtained  by  means  of  the 
puddling  process.  The  actual  quantity  therefore  of  the  finer  qualities 
of  bars  made  in  the  old  fires,  is  but  a  very  insignificant  proportion  of 
the  entire  make  of  the  world. 

Until  very  recently  the  same  process  as  that  just  described  was 
extensively  followed  in  Great  Britain  for  the  manufacture  of  ** tin- 
plate  bars."  The  pig  iron  employed  was  of  good  quality  smelted  and 
refined  with  coke.  The  "metal"  (refined  pig)  was  placed  in  the  hearth 
and  kept  covered  with  charcoal  and  blast  applied,  which  was  continued 
until  the  fluid  metal  was  converted  into  a  solid  mass  of  malleable  iron. 
This  was  drawn  from  the  fire  and  hammered  into  a  '*lump."  A 
second  heat  applied  to  the  lump  enabled  the  workman  to  produce 
a  "bloom"  under  the  hammer  which,  after  being  reheated,  was 
rolled  out  into  bars  ready  for  the  sheet  mill.  Mild  steel  however  has 
now  almost,  if  not  entirely,  superseded  iron  in  the  tin  plate  works, 
so  that  this  connecting  link  with  byegone  days  in  iron  making  is  fast 
disappearing  in  the  United  Kingdom,  if  indeed  it  has  not  already  s(» 
disappeared. 

The  antiquated  method  of  producing  malleable  iron  which  we  are 
considering,  has  a  certain  technical  as  well  as  a  historical  value. 
Having,  by  the  favour  of  Messrs.  Knights  of  Kidderminster,  had  access 
to  the  books  of  their  ancestors,  beginning  165  years  ago,  I  cannot  refrain 
from  making  a  few  extracts  from  documents  which,  perhaps,  will  not 
fail  to  interest  those  whose  furnaces  make  in  one  week  as  much  pig 
iron  as  the  Hales  furnace  at  the  Stour  works  did  in  the  whole  of 
1727. 
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In  that  year  477  tans  6  cwte. 
laoed  at  the  following  cost:— 


1  qr.  5  lbs.  of  "raw  iron"  was 


Rant  of  fuinaCG 

Clerk**  salary 

Travelling  expenses,  etc,   ... 

Wiiges  and  common  ehargea 

Ironetone,  ^7  blooms,  coeting   ISs,  per 

biit^om^  consumption  li)8  per  t/m  pig. . . 
Charcoal,  costing  '12j¥.  8d.  per  f^adt  2'44 

per  ton  pig      

Utensils        ...  ...  ,.,  ,,, 

Interest  on  capital.,.  


The  selling  price  Appears  to  have  been  fibont 


£ 

0 
0 
0 
0 


2  lOj  per  ton, 
4    2 


0 
Oi 


1     3     6 


5     i    5f 
0   0    7t 

7    4 

0     9 

8i 
6f 

£7  U 

3 

8  11     6 


The  firm  poaseaaed,  at  that  time,  two  forges  at  Whittington  and 
okley  where  the  chief  part  of  the  produce  of  their  fui-nace,  along  with 
'€ther  pig  iron  was  made  into  bars.     In  that  year  the  prodncfcion  of 
the  two  eatabliahments  was  about   621 J  tons  which   wa«  sold  at 
JiE20  128.  Sd.,  leaving  a  profit  of  £1   168.  Gd.  per  t-on. 

In  the  year  1740,  the  Hales  furnace  ran  780|  tons  of  pig  iron,  the 
GOBt  of  which  works  ont  as  follows: — 

£     s.     d. 
Bent  of  fomace,   Is*   Sid.;  clerk's  salary,  2s.;  travelling 

exponiM*,  5|d.       .  0    4    1| 

■  Wage*  and  common  charges  ...         ...         ...         .„         ...       0    0     7J 

[  lrot»totie,  1,822  hiootn^j  ISs.  6d,  per  ihom  (2'33  blooma  per 

ton  pig)     ...        1  11    fi 

'•Charcoal,  1,658  loatla,  338.  6tl.  per  loud   (2"0e  loads   per 

ton  pig) 3    9  IQJ 


Interest ... 


6  15 

2 

0 

S 

4 

£6 

1 

G 

6eUing  price  for  thia  jear  was 


6    9    4 


£ 

A. 

<L 

7 

7 

3 

2 

3 

6 

0 

4  10 

0  16 

4 

0 

3 

H 

0 

6 

6 

0 

1 

4 

0 

5 

1 

11 

9 

01 

0 

8  10i 

£11  17  11 
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At  five  forges  the  make  of  hammered  bars  was  2,002  tons  16  cwK: 
1  qr.  28  lbs.  or  an  average  of  400  tons  at  each  establishment.  TWr 
cost  per  ton  delivered  at  works,  as  nearly  as  I  can  make  oat  from  tM^m 
accounts  seems  to  have  been: — 

Pig  iron  (average  price,  £6  4s.  9d.  per  ton)        23*60  cwts. 
Charcoal  (         „  328.  per  load)  1*36  loads 

Pit  coal  for  drawing  out  iron  (no  weight  given)     

Wages  to  finers,  9s.  1^.;  wages  to  hammermen,  Ts.  2^... 
Wages:  carpenter.  Is.;  smith,  6d.;  stock  taker.  9id.;  clerk, 

ls.5d 

Common  charges — probably  including  some  labour 

Coals  to  workmen,  lOd.;  utensils,  6d.  

Travelling  expenses,  O^d.;  rent,  48.  lOid 

Interest  on  stock  charges       


A  large  proportion  of  the  entire  make,  viz.  1,603  tons,  appears  to 
have  been  converted  into  nail-rods  at  some  neighbouring  slitting  mills, 
for  which  about  £15  per  ton  was  paid  when  the  forge  owner  stood  the 
waste,  and  £31  when  this  was  at  the  charge  of  the  slitting  mill  pn>- 
prietor. 

It  is  a  little  curious  to  compare  the  mercantile  transactions  of  what, 
at  that  day,  must  have  been  a  large  concern,  for  as  we  saw  in  Section 
II.  the  entire  make  of  pig  for  the  year  in  question  was  only  17,350  tons. 

In  the  books  of  this  firm  for  1740  there  appear  the  names  of  64 
customers.  The  largest  quantity  received  by  any  one  firm  during  tie 
year  was  187  tons  and  the  average  of  the  whole  was  about  28  tons. 
The  profit  realized  in  the  forges  was  42s.  per  ton. 

As  a  matter  of  strict  comparison  the  figures  illustrating  the  manu- 
facture 142  years  ago  have  little  value,  owing  to  the  change  in  the 
value  of  money  and  to  the  great  increase  in  the  cost  of  labour. 

The  waste,  28*60  cwts.  of  pig  per  ton  of  bars,  is  low;  but  this  is 
probably  due  to  pig  iron  being  charged  by  a  diflferent  ton  to  that  which 
was  adopted  in  the  sale  of  finished  iron.  I  may  add  that  so  far  as  mj 
examination  of  these  old  books  goes  I  have  not  found  anything  whidi 
explains  what  is  meant  by  a  bloom  of  ironstone  or  a  load  of  charooal. 
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SECTION     XIIL 


ON  THE  REFINERY  AND  THE  PUDDLING  FURNACE. 

Phk  airbon  and  silicon  whieli  enter  into  the  coinpoRition  of  pig  mm 
fer  upotj  it  fiiiidity  at  hij^'h  teiujienitures;  but  the  silicii  reaulting 
om  the  oxidation  of  the  sih'coii  daring-  the  pmct^ss  of  puddling  has  u 
great  tendencj  to  corrode  the  fnrnaee  iw  which  this  o|ierafcion  ia  per- 
formed. 

I  ana  anucquainted  with  any  minut^j  details  of  the  diffitnilties, 
ical  or  otherwise,  which  no  doubt  beset  Oort  in  his  first  attempts 
"to  puddle  iron  on  sand  bottoms.    Tiie  formation  of  u  fusible  silieate  of 
iron,  generated  hj  tfie  action  of  the  fire  on  the  metal  itself,  would 
speedily  melt  the  masonry  or  mnd  fettling  with  which  it  came  in 
ontact; — an  i neon venience  to  which  the  floor  of  oxide  of  iron  suggested 
by  8.  B.  Rogers  would  also  l>e  liable,  although  to  a  much  leaser  extent. 
Mr.   Edwai-d   Williams   iutorins   me    that  the  une  of  the  ''sand 
om''  had  been  generally  abandoned  Ijefore  he  was  old  enough  to 
FiememlM?r  much  of  its  {>eculianties.      His  impreHsion  is  that  it  did  its 
I  work  budly ;  l)ecause  it  was  necessary  to  avoid  the  accumulation  of  fluid 
der,  for  the  exit  of  which  there  was  ample  provision.     This  com- 
parative absence  of.  cinder,  rich  in  oxide  of  iron,  which  in  puddJiug,  as 
in  refining,  is  the  agent  which  effects  the  removal  of  the  pbosphoras, 
uuiild  not  fail  to  damiige  the  quality  of  the  }>roduci.     To  B4>me  extent 
I  apprehend  this  evil  would  be  counteract  ted  by  previously  passing 
the  pig  iron   throogh   the  refinery,  and   by   the   tiiiie  required  in 
IMjcldling  a  **  heat*'  which  occupied  fkree  hours} 

The  improvement  suggested  by  8.  B*  Rogers  for  [mddling  iron  was 
arcely  inferior  in  point  of  imjxirtance  to  the  origirud  idea  of  Cort's. 
By  it,  the  iron  floor  ctjvered  with  t^xide  of  iron,  already  mentioned, 
the  process  was  greatly  shortened  and  the  phospiioriLs  more  effet!t(ially 

'  Iran  Metallurgj,  1858,  by  8,  B.  RGgi?rsi,  ji.  237. 
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removed  than  in  Cort's  original  furnace.  The  value  of  Bogen* 
invention,  in  I'espect  to  the  removal  of  phosphorus,  seems  not  to  have 
been  suspected  by  himself;  for  in  his  work  on  Iron  Metallurgy  he 
rarely  alludes  to  phosphorus,  but  confines  himself  to  the  importance  of 
ridding  the  metal  of  sulphur.  This,  however,  signifies  nothing  in 
estimating  the  value  of  the  invention,  for  which  its  author,  like  his 
predecessor  Cort,  never  received  any  reward  fix)m  the  fruits  of  their 
labours. 

Anterior  to  the  use  of  the  iron  bottom  in  puddling  iron  the  forge 
and  mill  cinders  were,  owing  to  their  content  of  phosphorus,  of  little 
or  DO  value.  By  Rogers'  improved  mode  of  puddling,  pig  iron  con- 
taining an  increased  amount  of  this  substance  could  be  employed  in 
the  manufacture  of  malleable  iron,  at  all  events  for  certain  purpoees. 
This  change  of  conditions  enabled  the  iron  masters  of  South  Wales  to 
employ  profitably  the  large  accumulations  of  "cinder"  remembered  by 
many  of  the  older  members  of  the  trade. 

It  would  soon  be  discovered  that  the  exposure  of  pig  iron  to  the 
action  of  the  blast,  in  one  of  the  old  fires,  was  advantageous,  becaufle 
by  this  means  a  large  proportion  of  the  silicon  was  separated,  although 
the  operation  was  arrested  before  any  very  great  quantity  of  the  carbon 
was  burnt.  This  preliminary  treatment  or  refining  of  crude  iron,  in 
the  so-called  "running-out-fire"  before  it  was  rendered  malleable  by 
puddling,  continued  in  general  use  for  fifty  years  after  Cort  first  intro- 
duced the  latter  process,  which  speedily  superseded  almost  entirely  the 
Lancashire  and  analagous  fires. 

The  nature  of  the  smelting  fiimace  enables  us  to  follow  with  a  con- 
siderable amount  of  precision  the  progress  of  the  reduction  of  the  ore. 
This  is  effected,  as  we  have  already  seen,  by  an  examination  of  the 
composition  of  the  gases,  as  they  ascend  and  are  brought  in  contact 
with  the  minerals  under  treatment.  This  mode  of  procedure  is  how- 
ever not  practicable  in  the  refinery,  the  action  of  which  it  is  now  pro- 
posed to  consider.  Owing  to  the  very  small  dimensions  of  the  latter, 
it  would  be  impossible  to  collect  specimens  of  gas,  which  would  cor- 
rectly set  forth  the  precise  nature  of  the  combustion  produced  by  tie 
action  of  the  blast  on  the  coke. 

It  is,  however,  easy  to  calculate  the  quantity  of  air  delivered  to 
the  refinery,  based  upon  the  displacement  which  takes  place  in  the 
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iinder.  The  tUfferejice  between  the  real  and  the  estimated 
UiiBi  upon  this  mode  of  estimate,  has  i>een  ascertained,  hy 

lie  fumaoe  gtises  ttt  the  Chirence  works,  to  be  about  11  |>er 
H  iLSBumption  is  based  on  the  air  admitted  being  converted 
iiiu  oxide.  Returns  oblipn^ly  furnished  to  ine  from  the 
tnd    Monkbridge   works   would   indiciite,   after    making  a 

wance  of  11  per  cent*  that  the  resiilt  shows  a  considerable 

1  r,  even  8uppt>siog  all  the  eurbou  were  burnt  to  the  state  of 

ru\.    I  have  inade  out  two  accounts  of  refinery  workings  so  as 

ir  amount  of  oxygen  needed  to  bum  the  carbon  of  the  pig 

liiid  coke  to  carbonic  acid,  and  to  oxidise  the  iron  and  metalloids. 

Urn.  uSi 

if«idicio  the  Iron  wasted  to  state  of  protoxide          ...        116*5  «     33'3 

rlittA  aI  the  pi^  iron  to  CO.     , 22i  5d7 

SiO,     67-2  76« 

P,0,     17-9  231 

198-9 


used  reprusented  in  point  of  quantity,  in  example  No.  I , 
arbon,  and  in  example  No.  2,  490  lbs.  of  carbon  per  ton 


metal. 

[  to  bum  CArbou  i n  coke  to  CO ^        

;  oxidise  iron,  etc  a«  above,  coniidered 

I  both  CAMS 


Ko.  I. 
Lbt. 

1,146-7 


192& 
13396 


No.  2 
Lbt 

1,:V067 


1,499*6 


tilaat  consumed  as  eBtimated  by  dieplacenient  was  lH,oO(> 
,  fur  No.  1,  and  107,1  CH»  cubic  feet  for  No.  1'. 


at  ordinary  teiii{>oratiirL*  anit  preaAure 
,  and  30  inchcft  mercury)  of  oxygett 
Hitirc^nt.  dilterence  between  displacemeQt  and 
I  clEect         ».•         ...        ...        ...        «*• 


1.757 

19a 

1,564 
1,389-6 


Lbt. 

2,0(Ki 

1,783 
1,499-6 


i  riMjninsd  as  per  fttatoment  given  abrivtr 

^iraUC  were  burnt  to  CO,      224-4  283  4 

ft  ugh  there  appears  on  the  face  of  these  stutements  sufficient 

trie  oxygen  to  bum  id)  the  carbon  to  carbonic  acid,  the  exis- 

i  considerable  volume  of  Same  at  certain  stages  of  the  process 


>1? 
It 

V' 


854 


SEOTION  Xin. — ^RBPINEBY  AND  PUDDLING  FUBNAOB. 


is  indicative  of  the  generation  of  some  carbonic  oxide.    Nevertheleo, 
looking  at  the  question  sa  a  whole,  and  having  regard  to  theprooes 
itself  we  are  safe  in  regarding  the  action  of  the  refinery  on  the  im- 
purities of  the  iron  as  being  one  of  an  oxidizing  character.    This 
oxidizing  tendency  of  the  atmosphere  of  the  refinery  is  evinced  not 
only  by  the  oxidation  of  the  metalloids  but  also  by  the  fact  that  ap(«^ 
tion  of  the  iron  in  the  cinder  is  actually  peroxidised.    As  is  well  known, 
the  mode  of  conducting  the  operation  is  to  make  use  of  a  certain  qoan- 
tity  of  cinder,  either  obtained  from  a  previous  charge  or  derived  from 
the  forge  and  mill.    The  following  particulars  of  refining  Clevehnd 
iron  were  furnished  by  the  kindness  of  the  Weardale  Iron  Company, 
through  their  mill  manager  Mr.  Wm.  Hutchinson: — 


Composition  of 
Plglron. 

Beflnad. 

Iron  by  difference 

92-50 

96-54 

Combined  carbon 

tr. 

1-96 

Graphitic 

» 

312 

•54 

Manganese 

tr. 

nil. 

Silicon     ... 

... 

2-80 

•12 

Sulphur  ... 

11 

tr. 

Pho«phoru8 

1-47 

•84 

100 

100 

■■■ 

—! 

Cinder. 

Oompotition  before 
Operation. 

Compodtion  aflei 
C&ention. 

Peroxide  of  Iron 
Protoxide    „ 

:.  6^1} -^«'^*-*^ 

2-57  I  ^ 
67-85 )  " 

»» 

manganese 

571 

3-90 

Silica      ... 

17-40 

26-41 

Lime 

1-74 

2-20 

Magnesia... 

tr. 

•24 

Alumina ... 

2-98 

2-47 

Sulphur  ... 

0-39 

•06 

Phosphoric 

acid... 

312 

4-14 

99-58 


99-83 


Pig  iron  used  per  ton  of  refined  iron  22*06  cwts. 

Cinder  added  to  refinery 

„       received  from  refinery 


Lbe-pertaaoCi 
...     375 
...     775 
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Tht!  fliunges  which  iin  inspection  of  these  figui^s  intMcate  are  as 
follcrt?8:— A  reduction  nf  nUnii  20  per  cent,  iii  the  quantity  of  earV*on, 
and  a  con\ersion  of  the  ;^ix»ater  p<jrtioii  of  the  remainder  from  the 
condition  of  graphitic  to  that  of  combined  ciirbon.  The  small 
qnantitiea  of  manganese  and  sulphur  Lave  almost  entirely  disapfieared; 
while  the  siliojn  has  been  eliminated  to  the  esttent  of  116  per  cent.,  and 
the  phosphorus  to  that  of  43  per  cent,  of  their  original  quantitiea. 

It  has  to  be  remarked  hovve^er  that  there  is  considerable  irregulanty 

^?li   the  composition  of  the   refined  metal,  as  regards  the  laat  two 

tnentioTied  elements,  which  it  m  the  more  immediate  object  of  the 

^  t  separate.    Seven  casts  made  at  Tudhoc  from  Cleveland  pig 

gave  Uic  following  numbers : — 


Owi 

^ 

Pv 
Oval. 

OtaUk 

Per 

Gent 

Per 

Cent. 

Per 

Oonk 

14-33? 

•038 

-oia 

■04a 

-OdS 

•240 

•140 

•u»o 

-oes 

•424 

*412 

'446 

674 

•590 

•470 

4G0 

4B& 

Silicon  in  the  refined  metal 
Phoepbornii  „ 

In  these  exiimples  the  figures  indicate  an  average  removal  of  about 

96  per  cent,  of  the  silicon  and  66  of  the  phosphorus,  the  irregnlaritles 

being  possibly  due  to  the  quantity  or  quality  of  the  cinder  employed, 

I      Tlie  following  table  contains  the  com|>o8ition  of  four  casta  of  iron 

i"efined  at  the  Bowliog  works,  and  analysed  at  the  Clarence  laboratory. 


PlQ  tlUlH  OoittA;it£D. 


Hie^twsit  lJto?t  OowiAtitEt>. 


P*r 
0«ijL 

Cvbinu 

3-72 
M86 


P*r 

Dent. 

SfUeoa. 

1-27 

1-26 

1*22 

1-255 


Per  Pur 

C«&t.  OenlL 

Bulpbur.  PtuMpboruji. 


•029 
■042 
■033 

•0S3 


Av.  3  729       1-250        -034 


719 

•544 
•566 

'643 


P«r 
Otiii. 
Oirfaoo. 

a-40 

3-33 
341 
3-342 

3-412 


Pot 
Ceot 
aoiooo. 

•114 

•128 
-128 
•130 

•125 


P*r  P«r 

Oonv         Cent 
SiLlphuT.  Phoffpluxrui. 

-023 

^23 

■023 

•026 


-024 


•3ao 


^^  average  ]>ereentage  removed,  calculated  on  the  original 
itiiies,  is  carbon  8'5  per  cent*,  silicon  90  per  cent.,  sulphur  29-4 
^^t'*  phosphorm  40'9  per  cent.  Of  the  four  raetallords  ju*ifc 
^raferf  cvLrbon  is  the  only  one  which  may  be  regarded  as  indis- 
pe  sao/e,  aiicf  ^leo  harmkss;  because  we  c*anin  the  subsequent  stage  of 
HP  ^^^^Imost^  completely  rid  tlie  iron  of  its  presence,  as  stJon  as  it  is 
^^.^^^^^'^quiT^Gil  to  impart  fusibility  to  the  metal.  Within  eeitain 
^^'^/brts      the  more  carbon  retained  in  the  refined  iron  the 


h'mitg 
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better,  because  the  longer  will  the  puddlers'  charge  possefis  the  pro- 
perty of  remaining  liquid — a  condition  of  things  which  is  mo6t  adTan- 
tageouB  for  freeing  the  metal  of  its  silicon,  sulphur  and  phosphorus. 

In  the  case  of  refined  metal  we  commence  with  a  material  com- 
paratively low  in  these  three  elements,  os  compared  with  the  pig  iron 
in  its  unrefined  state.  It  is  therefore  more  quickly  reduced  to  a  gi^'en 
point  of  purity  in  respect  to  the  same,  than  would  happen  with  pig 
iron,  containing  much  larger  percentages  of  them.  The  Bowling 
puddler,  instead  of  receiving  refined  metal  containing  2  to  2^  per 
cent,  of  carbon  and  '6  to  '8  per  cent,  of  phosphorus,  as  happens  to  the 
puddlers  operating  mth  Cleveland  iron,  has  to  deal  with  his  charge 
with  half  the  above  quantity  of  phosphorus  and  one  half  more  carbon. 
He  has  therefore  to  contend  with  an  evil  of  a  much  less  magnitude, 
and  under  much  better  conditions  for  dealing  with  it,  than  falls  to  the 
lot  of  the  puddlers  in  Cleveland. 

In  refining  good  grey  iron,  a  Iraction  above  22  cwts.  of  jHg  » 
consumed  for  each  ton  of  the  product;  a  result  which,  having  regard 
to  the  actual  quantity  of  metal  in  both,  shows  an  actual  loss  of  abonC 
5  per  cent,  of  iron.  In  reality,  the  waste  is  perhaps  a  little  more:  a» 
the  cinder  brought  from  other  departments  often  contains  fragments 
of  malleable  iron,  which  of  course  pro  tanto  improve  the  apparent 
yield. 

In  the  manufacture  of  malleable  iron,  each  step  in  the  process  leads 
to  the  production  of  slags,  in  which  the  iron  is  accompanied  by  all  the 
silicon,  phosphorus  and  sulphur  which  have  been  separated  from  the 
metal  employed  in  the  process.  Where  the  object  is  the  manufactnre 
of  a  low  class  of  iron,  the  whole  of  the  slag  is  returned  to  the  blast 
fiimaces.  This  slag  is  of  such  an  amount,  that  every  ton  of  such  iron 
delivered  to  the  consumer  contains  about  6  cwts.  which  has  been 
derived  from  the  refuse  supplied  by  the  forges  and  mills. 

The  silica  need  not  be  regarded  as  being  hurtful  in  the  blast 
furnace  from  its  excessive  quantity;  but  the  very  fusible  character  of 
the  slags  prevents  their  being  so  thoroughly  acted  on  by  the  reducing 
gases  in  smelting,  as  is  desirable.  When  therefore  they  are  employed 
in  the  proportion  referred  to,  the  resulting  pig  iron  is  perfectly  white, 
and  is  besides  deficient  in  carbon,  containing  only  2^  to  2^  per  cent. 
The  temperature  of  the  hearth  is  lowered,  by  the  arrival  wiUiin  it^ 
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predncts  of  ftised  unreduced  oxiile  of  iron,  which  leads  tiJ  a  wnsider- 
ahle  absorption  of  snipbur  by  the  metal,  amouutiiig  iii  Botue  cases  to 
3Sk%  much  38  '75  per  cent.  So  far  as  the  silicon  ita^^lf  is  coacemed,  no 
inconvenience  arises  ti-oin  its  presence;  for  such  white  iron  as  ihat  in 
question  contains  as  a  rule  under  1  f>er  cent,  of  tliis  clement,  or  much 
less  than  the  usual  run  of  jjjej  pig  made  without  any  admixture  of 
cinder.  The  canse  of  this  is  easy  to  underst^ind:  the  funiaees  making 
•cinder  iron  are  woi-ked  below  the  t-emperature  rc(|uircd  foi-  a  plentiful 
redaction  of  silicon,  and  abs<jrpti«ai  by  thf  iron.  The  sulphur  is  of 
coorge  a  rery  imdesirable  ingredient  in  iron,  hut  it  is  much  less 
abjectionable  in  the  raw  materials  than  i-hosphorus,  because  a  con* 
ffidcrablc  propoiiiou  of  the  former  is  carried  off  in  the  blast  furnace 
cinder^  which  is  not  the  case  to  any  extent  witli  the  latter.  The 
phosphonis  would  therefore  go  on  increasint^  in  the  pig,  and  would 
then  be  again  returned  to  the  forge,  were  its  accumulation  not  kept 
down  by  the  use  of  hematite  ores,  comparatively  free  from  its  presence. 

I  endeavoured  to  estimate  the  quantity  of  phc^sphoriiB  and  sulphur 
entering  the  furnace  in  order  to  compare  the  quantity  contained  in  the 

iron  and  slag : — 


Calcined  Ironstotic  cotitiLhitKl 

Limc!«toue 

Coke 


JtucWplMintf. 
Per  Oe&l. 

•522 
'OU 


Sulphur, 
Percent 

1062 

■059 

1-580 


One  hmidred  jmrts  of  pig  iron  retiuired ; — 

S40  uf  caleiued  iroiuitone,  contaliilng 

GO  of  limestone        ♦ 

120  of  coke 


lOU  iif  pi^  coiitahioul  uf  p)joi»ph4jriiH 

140  of  Kkg        „  „         -105  %  = 


I '441 
447 


PteOdOk 

1'253 
•007 
•318 

1578 


1-588 


It  would  thus  appeal*  that  8tl  per  cent,  of  the  entire  phosphorus 
been  absorbed  in  the  iron,  and  14  jier  cent,  has  been  taken  up  by 
the  flla^, 

'  This  is  an  imueually  high  percentage  of  pbosphorui  for  Of>ke  and  h  prolmblir 
•v«nitat4?d. 
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The  before-named  quantities  of  materials  contained  of  sulphur:— 

PerOeai. 

240  of  calcined  ironstone        2*525 

60  of  limestone  *085 

120  of  coke       1-896 

4-456 
ParOeat.  PerOentof  Whote. 

100  of  pig  contained  of  gulphnr         ...    -093  -«       2r€d 

140  of  slag  „  at  2*68  %  3*682  -     82*64 

Carried  oH  in  the  gases  and  in  the  fume    *681  »■     15*27 

4*456  -  lOOOQ 

Notwithstanding  the  use  of  purer  ore,  the  pig  iron  obtained  when 
so  much  cinder  is  employed  in  the  furnace,  being  low  in  carbon  and 
high  in  both  sulphur  and  phosphorus,  is  but  of  indifferent  quality. 
Its  lowness  in  carbon  and  silicon  renders  it  difficult  of  fusion,  and 
hence,  when  treated  in  the  refinery,  the  loss  is  iully  50  per  cent,  more 
than  that  which  accompanies  the  use  of  good  grey  iron.  Imperfect 
fusion  being  inconsistent  with  the  removal  of  phosphorus,  etc.,  this 
removal  can  only  be  conducted  under  circumstances  which  necessarily 
lead  to  an  increased  burning  away  of  the  metal  itself;  and  even  then 
the  elimination  of  the  hurtful  ingredients  is  less  perfect  than  it  should 
be.  Any  attempt  at  a  more  complete  purification  of  the  refined  metal 
by  a  mere  prolongation  of  the  process  only  increases  the  waste  without 
thereby  improving  the  quality  of  the  product.  More  iron  passes  into 
the  cinder,  while  the  semi-fluid  metal  retains  its  phosphorus  with  in- 
creased tenacity.  Such  a  state  of  things  is  shown  in  the  following 
analysis  of  a  charge  of  Clarence  iron,  overblown  in  the  refinery,  and 
that  of  its  accompanying  cinder: — 


Refined  Iron. 

Percent 

Cinder. 

Percent. 

Carbon         

..       2-07 

SiUcon 

•36 

Silica            

15-47 

Sulphur 

•06 

Sulphur        

•68 

Phosphorus  ... 

•82 

Phosphoric  acid 

4-11 

Calcium,  etc. 

•28 

Lime,  etc 

1-95 

Manganese   ... 

•08 

•88 

Iron 

..    97-27 

Do.       iron 

76-81  -  iroD  59^74 

100-94  99-35 
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In  order  to  follow  out  the  behaviour  of  fche  metalJoidB  while  a 
WM  being  refined,  Mr.  Evans  of  the  Bo wlin|^  works  kindly 
sent  me  the  following  samples,  prepared  at  my  request,  which  were 
examined  in  the  Clareuoe  laboratory,* 

GtofbOD.       BtUooo.     Salphiir.  Pboflplionu. 
Percent.    Per  Cent    PterOant.    PcrOwi 


BDriginifcl  pig  iron  contmned  ... 

..     3-686 

1-255 

K)83 

565 

After  insion  in  the  refinery  ... 

..     3-510 

'575 

•034 

557 

10  miiitites  after  coiiiiiltite  fiiaioa 

.,     3-707 

'478 

038 

•537 

20              ,,                        „                . 

..     3'644 

'273 

*032 

•580 

P 

..     3544 

154 

*025 

•509 

fefined  metftl   .,          

..     3*343 

130 

*025 

400 

By  the  favour  of  the  Bowling  Iron  Company,  I  have  also  received 
Dme  analyses,  made  by  Mr.  J.  W.  Westmoreland,  of  the  cindera  pro- 
aoed  at  that  well  known  establishment.  Among  these  are  two  speci- 
aens  from  the  refineries. 


Bftke  at  FvoAaetAon—Ayengo  of  Ou«  Diyn  Work. 
Bca.  1B79.  Mju.,  1889. 


siiicui                   . 

31-06 

3031 

Alumina 

4-37 

5-73 

-lime 

l-5ti 

1-55 

iMjkgneaia          

■85 

73 

Peroxide  of  iron 
Protoxide     t» 

1008  1 
43-90  >  " 

in)U  41-47 

3-60. 
1  61-33 ) 

imn  42-44 

„        miLtiganeie      », 

5-90 

4*96 

JPhospboric  jLcid 

2-79 

2*56 

Sulphur            

-032 

'04 

L 

100-532 

100^81 

The  composition  of  these  slates,  contain*'  ^  they  do  m  large  a 
percentage  of  a  powerinl  acid  such  as  silic*^  explains  the  reason  of  a 
less  quantity  of  phosphorus  lieiiig  i'  ^  oy  the  bases  thaii  hapiHjus, 

as  will  be  shown,  when  the  silica  is  ui  a  less  prepouderating  quantity. 

As  we  shall  hereafter  see,  experience  with  the  Bessemer  converter 
civea  that  atmospheric  air  at  high  tempera tui-es  rapidly  desiliconizes 

iron ;  and  hence  it  will  be  remarked  that  during  the  mere  act  of 

*  These  wiU  be  ahown  diBgrammaticaUj  in  &  future  Section. 
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fosioiiy  in  the  analyses  just  given,  a  quantity  of  silicon,  af^roaching 
60  per  cent,  of  the  original  quantity,  has  disappeared  from  the  metal 
The  same  observation  applies  to  the  carbon  ;  but,  owing  no  doubt  to 
the  superior  afSnity  of  silicon  at  this  particular  temperature  for  oxygen, 
the  former  was  but  slightly  affected  during  the  period  in  which  the 
charge  was  being  melted.  On  the  other  hand,  neither  the  sulphur  nor 
phosphorus  manifest  any  marked  tendency  to  separate  themselves  ftom 
the  iron  during  the  act  of  fusion,  and  such  portions  as  pass  into  the 
cinder  doubtless  do  so  from  their  aflSnity  to  the  oxide  of  iron  contained 
in  the  slag.  This  last  named  substance  gradually  increases  in  amount 
in  the  scorise,  as  the  metal  of  the  charge  is  oxidized  by  the  atmospheric 
air ;  and  then  the  iron-oxide,  agitated  with  the  cinder  by  the  blast, 
has  its  phosphorus  acidified.  In  this  condition  the  phoephoms  is 
absorbed  by  the  slag,  the  iron  of  which  acts  as  a  vehicle  for  acid- 
ifying and  removing  such  remaining  portions  of  the  metalloids  as 
are  separated  by  the  process  of  refining. 

The  refined  metal  is  now  transferred  to  the  puddling  furnaces, 
where  it  is  agitated,  by  means  of  the  puddler's  tool,  with  oxide  of 
iron,  derived  partly  from  the  floor  and  sides  of  the  furnace  and  partly 
from  the  oxidation  of  the  iron  itself.  It  has  been  freed  in  the  refinery 
from  nearly  half  of  the  phosphorus  it  contained  as  pig  iron,  and  from 
nine  tenths  of  the  silicon  which  in  the  form  of  silica  constitutes  so 
formidable  an  obstacle  to  the  combination  of  phosphoric  acid  with 
the  oxide  of  iron  of  the  cinder.  The  absence  too  of  an  excessive 
quantity  of  silica  proves  such  a  protection  to  the  structure  of  the 
furnace  that  the  tendency,  when  using  refined  iron,  is  for  the  floor  to 
gather ;  so  that  at  the  end  of  the  week  a  certain  portion  of  the  accu- 
mulation has  to  be  removed  by  mechanical  means. 

The  following  statement  illustrates  the  gradual  separation  of  the 
four  metalloids,  from  high  class  pig  to  malleable  iron,  as  to  which  it 
should  be  remarked  a  certain  portion  of  carbon  in  this  case  is  pur- 
posely retained  in  the  final  product : — 

Omrlion.  SUioon.      Solphor.   FhcM^bociH. 

Percent.     Per  Cent.    Per  Cent.     PeriJeni. 

Cold  blast  iron,  Bowling         3*656  1*255        -063  -566 

„  as  refined  metal     3*342  *130        *025  *400 

MaUeable  iron  from  refined  metal     ...      '226  *109        -012  -064 
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"In  speaking  of  the  pi*0068S  of  refining^  tlie  superior  affinity  of 
silica  for  the  bases  in  the  cinder  produced  wm  referreil  to»  as  the 
piobable  canse  of  so  small  a  quantitj  of  the  phospbonis  being  removed 
from  the  iron.  This  removal  can  only  be  effected  by  the  acidification 
of  this  fiubsUnoe,  and  it*  Hubsequent  combination  with  uxide  of  iron 
or  other  base  in  the  cinder  iteelf.  In  the  case  of  the  refinery,  owing 
to  the  presence  of  the  silicon  in  the  pi^  the  bases  in  the  slut^  are 
speedily  satnrated  with  acid,  chiefly  silicic,  so  that  there  is  no  room  as 
it  were  for  an  acid  of  a  less  ener^^etic  charni'ter,  Snch  a  state  of 
things  does  not  exist  in  puddlin^^  At  Bowling  the  silicon  has  now 
to  a  great  measure  removed,  and  the  cinder  in  consequence  con- 
a  much  less  proportion  of  silica;  and  hence  we  see  that  the 
iosphorus  has  been  greatly  reduced  in  quantity  by  this  second  opera- 

The  Bowling  puddlinj^  cinder,  taken  over  a  whole  day  from  six 
tiaoes,  was  found  to  lie  composed  of — 

PtirCent. 

SiUca .,.  1275 

Alumina          ...         ,.,         ,,.  2"35 

Lime    ...         ...         ...          ..         ...  'IS 

MftgiieHia        ...          ...         ...          ...  '18 

Peroiide  of  iron                      ..         ...  Ii39. 

Protoxide    II 67  m\ 

^            manganese         ...         ...  'hh 

PhoBphoric  acid         ...         ...         ...  S'l^ 

Sulphur ...         ...  iJS 


^      =  injti  62-26 


loo-ee 


The  superiority  of  such  a  cinder  for  removing  phosphorus  as  that 
juBt  described,  w^hen  compared  with  those  fmrn  the  refinery,  ie 
gafficiently  apparent-  Not  only  have  w*e  a  great  diminution  in  the 
amotmt  of  the  rival  acid  (silicic)  which  contends  for  the  baaic  sub- 
stanoes  with  the  phosphoric,  but  we  have  also  a  great  increase  in  the 
boses  themselves,  and  notably  in  the  oxide  of  iron. 

The  loss  in  puddling  refined  metal  of  the  character  in  question  is 
7^  per  cent. ;  and  we  have  seen  (p.  855)  that  the  loss  in  refining  is 
about  9  per  oent*    Hence,  confining  otir  attention  to  the  actual  metallii' 
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iron  which  has  been  scorified  daring  the  two  operaticms  of  refining 
and  puddling,  the  waste,  reckoned  upon  the  total  amount  of  pure  iron, 
may  be  taken  at  9  per  cent.,  or  reckoned  upon  the  pig  iron  used,  at 
about  15^  per  cent. 

The  ^stem  of  producing  malleable  iron  just  described  is  virtoaUj 
a  combination  of  the  old  low  hearth  with  the  puddling  furnace  aft 
designed  by  Cort.  In  both  stages  of  the  process  the  oxide  of  iroo 
required  for  purging  the  metal  of  the  impurities  it  had  contracted  in 
the  blast  furnace,  is  obtained  by  the  expensive  method  of  wasting 
metallic  iron;  of  which  about  one-tenth  (9  per  cent.)  was  returned  to 
the  condition  of  oxide  in  order  to  purify  the  remainder.  Such  was 
about  the  extent  of  the  loss  in  using  good  grey  iron,  but  in  the  case  of 
the  lower  grade  of  metal  already  referred  to  in  these  pages  the  propor- 
tion of  actual  iron  re-oxidized  in  the  refinery  and  puddling  fdmaoe 
would  amount  to  considerably  more  than  this. 

This  arid  other  expenses  connected  with  the  refinery  led  the  manu- 
facturer to  endeavour  to  dispense  with  its  use;  for  in  one  way  or  othei 
it  had  the  eflfect  of  adding  20  to  80  per  cent,  to  the  cost  of  the  pig 
iron.  There  was  no  diflSculty  attending  a  replacement  of  refined  by 
crude  iron  in  the  puddling  furnace,  to  a  moderate  extent,  but  when 
this  was  exceeded  the  wear  on  the  furnace  became  a  source  of  incon- 
venience, which  it  was  attempted  to  meet  by  the  application  of 
fire-clay,  limestone,  and  other  refractory  materials.  The  difficulty 
arising  from  puddh'ng  pig  iron  was  further  augmented  by  the  application 
of  hot  air  to  the  blast  fiimace;  since  thereby,  according  to  general 
testimony,  the  reduction  of  silicon  and  the  amount  consequently 
absorbed  by  the  pig  is  increased. 

In  later  years  iron  ores  have  been  largely  employed,  as  a  "  fettlingf 
for  the  puddling  furnace.  At  first  the  ore  was  used  together  with  limestone 
or  fireclay,  but  Mr.  E.  "Williams,  alive  to  the  importance  of  getting  rid 
of  phosphorus  by  meaus  of  oxide  of  iron,  was  among  the  very  first  to 
employ  it  exclusively  as  a  mode  of  protecting  the  sides  and  bottom  of 
the  furnace.  For  this  purpose  choice  was  made  of  those  which  were  as 
free  as  possible  from  earthy  ingredients,  and  contained  but  a  small 
amount  of  phosphorus.  In  districts  such  as  South  Wales,  red  ore  was 
used  in  considerable  quantities  for  the  purpose  in  question,  without  in 
reality  ^terially  to  the  cost  of  production.    Such  ore  as  that 
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r.  f  rred  to  was  ah'eady  extensively  employed  in  the  blast  famaoe;  and 
K  i,vas  found  that  to  use  it  as  a  lining  for  the  puddling  fiirnacte  before 
it  was  smelted  did  not  t^reatly  affect  its  value  as  a  mere  ore  of  iron,  t.^., 
the  cinder  fonned  of  ore  and  waste  of  pig  iron  did  not  augment  the 
quantity  of  phosphorus  beyond  what  it  would  have  been  had  the  ore 
"been  coosnmed  direct  in  the  blast  fnmaoe.  So  sucoessftil  were  the 
fionth  Wales  ironmtistera  in  this  modified  form  of  peddling,  that  the 
waste  in  the  puddling  furnace,  when  using  pig,  of  somewhat  improved 
quality  it  is  true,  did  not  greatly  exceed  that  which  Imk  place  in 
puddling  refined  metal,  the  latter  amounting  to  about  9  per  cent. 

Returns  in  my  possession,  extending  over  six  months,  contain  the 
following  facts,  which,  if  not  absolutely  correct,  may  be  regarded  as 
being  substantially  tme: — 

Mfifeil  iwed  per  Tou  of  Puddled  B«r. 


Refilled. 

Pig. 

Tot4l, 

— ^ 

Ooia  per  Ton 
of  Puddled  Bum 

T,    C.     Q.   L. 

C.     Q,   L. 

C.     Q.    L. 

0.     Q. 

L. 

C,    Q-    L. 

16  11     1  24 

10    1  24 

11    3    6 

22     1 

2 

13  2  26 

17     6     1  24 

2    3  12 

19    1  19 

22     1 

1 

14  0  23 

j^pll 


The  labour  in  puddling  pig  h-ou  was  mora  severe,  and  was  con- 
sequently rather  more  highly  paid  than  that  in  puddling  refined  metal; 
but  in  other  respects  these  figures,  so  far  as  they  go,  prove  a  great 
advantage  in  point  of  economy  by  omitting  the  operation  of  refining. 
The  make  per  fiimace,  it  will  be  perceived,  is  larger,  while  the  waste 
is  no  more,  in  the  case  where  a  much  smaller  quantity  of  refined 
letal  was  used. 

There  still  remains  the  question  of  the  extent  to  which  the  quality 
of  the  product  might  be  affected  by  the  suppression  of  the  refinery. 
Fair  grounds  have  been  given  for  assuming  that  the  chemical  purity  of 
the  malleable  iron  will  be  promoted  by  removing  the  silicon  and  phos- 
phorus from  the  process  as  early  as  possible,  and  in  as  large  a  quantity 
as  possible.  It  will  however  Ije  proved  immediately  that,  by  the  use 
of  increased  quantity  of  oxide  of  iron,  it  is  perfectly  feasible  to  begin 
iriUi  a  pig  iron  containing  twice  as  much  of  these  two  metiilloida  as  in 
such  iron  as  that  of  Bowling,  and  yet  to  obtain  malleable  iron  with 
only  half  as  much  of  either  as  is  usually  present  in  West  Yorkshire 
brands.  We  cannot  however  assume — remembering  all  the  proj)erties 
looked  for  in  wrought  iron  of  the  highest  class,  such  as  malleabOity, 
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etc. — that  purity  of  composition  is  the  only  requirement.  The  into* 
position  of  non-metallic  matter,  such  as  cinder,  in  a  mass  of  maDedbb 
iron  intended  for  certain  purposes,  may  be  far  more  hnrtftil  in  ili 
consequences  than  a  much  larger  excess  even  of  phosphorus.  A  propor 
attribute  of  a  railway  bar,  for  example,  is  as  much  hardness  ai  ■ 
consistent  with  strength,  combined  with  as  great  an  amount  of  hoiiMh 
geneity  of  structure  as  can  be  obtained.  As  much  as  '4  per  cent  rf 
phosphorus  is  quite  compatible  with  the  first  of  these  conditions;  bat 
probably  -04  per  cent,  of  intercalated  cinder  in  the  iron  might  be  &tal 
to  its  longevity,  by  preventing  perfect  welding  and  cohesion  of  the 
diflferent  bars  which  form  the  *'pile."  It  is  perhaps  not  unreasonaUe 
to  conceive  that,  where  the  relative  quantity  of  cinder  to  iron  is  largdy 
increased,  as  happens  &om  the  inci*eased  use  of  oxide  in  the  puddling 
furnace,  the  danger  just  referred  to  may  be  greatly  intensified. 

There  is  nothing  speculative  in  the  assertion  that  iron  rails,  made 
before  the  complete  discontinuance  of  refining,  were  generally  speaking 
longer  lived  than  those  of  more  recent  manufacture.  No  doubt  in 
later  days  the  permanent  way  of  our  main  lines  has  been  much  more 
severely  taxed  than  was  formerly  the  case.  The  engines  are  mow 
ponderous,  the  traffic  is  heavier,  and  the  speed  greater;  but  the 
experience  of  the  North  Eastern  railway  at  all  events  indicates  that 
ceteris  paribus  rails  of  iron  have  occasionally  been  made  equal  in  point 
of  durability  to  some  of  steel.  Whether  this  be  due  to  their  having 
been  made  from  refined  metal,  or  whether  indeed  they  were  so  made, 
we  have  unfortunately  little  means  of  proving. 

The  rapid  growth  of  the  Cleveland  iron  trade  which  furnished 
metal  unusually  rich  in  silicon  and  phosphorus,  rendered  additional 
care  in  the  forge  absolutely  necessary.  For  best  purposes  grey  iron 
was  preferred,  in  which  the  large  percentage  of  carbon  and  silicon 
maintained  the  bath  of  metal  long  enough  liquid,  to  enable  a  great^ 
increased  dose  of  oxide  fettling  to  remove  the  phosphorus.  The  cost 
of  the  ore  used  for  this  purpose  was  met  to  some  extent  by  the 
improved  yield  obtained  by  the  puddlers;  for,  the  oxidation  of  the 
metaUoids  being  performed  at  the  expense  of  the  lettling,  the  waste  of 
iron  is  not  more  than  that  incurred  in  the  mere  preliminary  {ffooefistf 
of  refining,  viz.,  between  7^  and  10  per  cent,  on  the  pig  iron  used,  and 
it  is  often  even  lower  than  this. 
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be  amouQt  of  oxide  of  irori  eraplojed  in  the  manner  juat  referred 

Peached  5  cwts.  per  ton  of  puddled  baiB,  and  in  some  cases  as 

jldi  as  8  cwis,  is^ised.     The  North  Eastern  Railway  Company  are 

omed  to  analyse  the  mils  received  from  their  contractors;  and 

DtUowinfT  ten  examples  exhibit  the  extremes  of  the  phosphonis 

it  in  iron  raiU,  as  delivered  indiscriminately  by  manufacturers 

'  exclusively  Cleveland  iron : — 

OutjoQ.        Slliooo.       Sulphur,  Phoci>lioruB.  JidJiasaime. 


^^^K 

16 

•05 

•17 

10 

^^^^ 

•17 

•05 

•24 

30 

^^H 

20 

•05 

•26 

■14 

^^H 

'16 

•04 

*28 

•17 

^^H 

■15 

•04 

•32 

•21 

^^B 

•12 

•05 

•33 

•08 

^^H 

•13 

•02 

•37 

•19 

^^H 

13 

•08 

•3d 

•18 

^^^K 

•19 

•04 

43 

•15 

^|p 

IH 

•04 

•45 

•08 

%oiii#Ev  ecMitont  in  raiU  ...     ^075 

15f» 

•041 

•324 

•160 

,,             «.         Ill  pig  iron 

ii««utned  tol>e            ,..  3 '60 

175 

-16 

1-S6 

'60 

'be  pcrceiiti&^e  rciiio\  cd  of 

the  ori^nal  quantities 

avemg«»^         ...         ..»78*5 

90'9 

72^6 

79i 

68-0 

„  Tlie  severity  of  the  labour  in  puddling,  and  the  coDseqiient  liability 

Kiperfect  work,  as  evidenced  in  the  fitrures  just  fiuoted,  naturally 
d  men's  minds  to  the  question  of  superseding  humao  exertion  by 
ical  appliances.      The  Dowlais  Iron  Co,,  under  the  superin- 
loe  of  the  late  Mr.  Wm.  Menelaus,  led  the  van  in  thb  branch  of 
imentat  metallurgy  by  testing  the  ments  of  a  revolving  furnace 
icd  by  Mr.  Tooth.     A  certain  amount  of  success  attended  these 
trials:  sufficient  to  induce  others  to  listen  favourably  to  a  paper 
by  Mr.  8amtiel  Banks  before  the  Iron  and  Steel  Institute,  in 
,  on  mechanical  puddling.     The  fiirnace  proposed  by  this  gentle- 
differed   very  slightly   from   those  previously  used  at  Dowlais, 
t,  as  Mr.  Menelans  observed,  in  the  matter  of  success. 
Lfee  commissioners  were  appointed  to  proceed  to  America,  t*' 
i  on   the  manner  in  which  the  furnace  of  Mr.  Danks  was  per* 
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forming  its  duty  in  the  Western  World;  and  the  resnlts  of  their 
observations  there  were  fiilly  set  forth  in  an  able  paper  by  Mr.  6.  J. 
Snelus,  himself  a  member  of  the  conmiission. 

It  has  to  be  remarked  that  one  condition  of  the  sncoess  of  this 
fhrnace  was  a  plentiful  use  of  oxide  fettling,  amounting  to  as  much  as 
80  to  75  per  cent,  of  the  pig  employed.  This  was  deemed  necessary 
for  the  protection  of  the  iron  work  of  the  rotating  barrel.  A  consider- 
able proportion  of  the  fettling  was  introduced  in  a  liquid  state,  along 
with  the  molten  pig  iron.  When  the  apparatus  was  made  to  revolve,  an 
intimate  and  immediate  admixture  of  the  two  fluids  was  efiected, 
no  doubt  more  perfect  in  its  nature  than  that  which  happens  witJi 
manual  labour.  Not  only  has  the  removal  of  the  metalloids,  by  the 
Danks'  fiimace  in  this  country,  been  more  thoroughly  performed  than  in 
hand  puddling,  but  the  reduction  of  iron  from  the  fettling  has  been  as 
much  increased,  as  to  enable  the  rotating  furnace  to  produce  a  ton  of 
puddled  iron  from  18*5  cwts.  of  pig  iron  employed,  inclusive  of  the 
waste  incurred  in  remelting  the  metal  in  a  cupola. 

The  various  analyses  given  by  Mr.  Snelus  in  the  paper  referred  to, 
are  so  instructive  that  they  deserve  careful  study  by  those  interested  in 
the  subject.  It  is  however  needless  to  repeat  them  here,  because,  since 
the  time  at  which  they  were  performed,  the  North  Eastern  Railway 
Company  have  received  2,000  tons  of  rails  made  in  rotating  ftunaces 
by  Messrs.  Hopkins,  Gilkes,  &  Co.,  of  Middlesbrough.  From  the 
laboratory  book  of  the  Railway  Company  I  have  extracted  81  consecutive 
analyses,  which  show  a  much  more  perfect  separation  of  phosphorus 
than  those  set  forth  in  the  paper  of  Mr.  Snelus;  and  these  have  been 
tabulated  as  follows,  the  phosphorus  only  being  absolutely  correct:— 


7  specimens 

contained    . 

7        „ 

>» 

19        „ 

»» 

21        „ 

n 

12        „ 

»» 

5        „ 

»» 

6        „ 

»» 

•3        „ 

»» 

1        o 

»                • 

81  average  content  in  rails 


PhonjJoruB. 
Percent. 

SUioon. 
Percent. 

Solphur. 
Percent 

•071 

•072 

•020 

•073 

•093 

•093 

•146 

•109 

•030 

•147 

•106 

•036 

•244 

•120 

•029 

•251 

•127 

•028 

•326 

•138 

•035 

•846 

•123 

•039 

•402 

•126 

•055 

•170 

•ino 

•r^i 
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In  both  these  specimens  of  iron  there  is  a  notable  quantity  of  slag, 
but  that  made  in  the  revolving  famace  is  the  larger  of  the  two.  It 
does  not  follow  however  that  this  is  due  solely  to  the  excessive  quantity 
of  oxide  of  iron  used  in  the  puddling  furnace.  The  practice  at  Low 
Moor  is  to  work  small  heats,  under  4  cwts. ;  and  from  these,  by  repeated 
hammering,  the  cinder  can  be  more  effectually  expelled  than  from 
masses  weighing  half  a  ton,  which  is  the  weight  of  a  bloom  obtained 
from  the  revolving  fiimace.  The  presence  of  this  slag  does  not 
seriously  impair  the  tensile  strength  of  malleable  iron,  but  it  effects  the 
quality  of  the  metal  as  to  malleability,  as  well  as  in  other  attributes 
acquired  for  such  high-class  products  as  that  of  Low  Moor. 

The  origin  of  this  evil  is  easily  accounted  for.  During  the  process 
of  puddling,  the  grains  of  iron,  as  they  form  under  the  action  "f 
the  workman's  tool,  adhere  together,  forming  a  sponge-like  mm. 
Each  particle  is  necessarily  surrounded  by  a  coating  of  cinder; 
besides  which  the  fused  slag  may,  and  oHen  does,  occupy  a  cavity  in 
the  puddler's  liall,  of  greater  or  less  dimensions.  The  action  of  the 
hammer  expels  by  far  the  greater  portion  of  the  objectionable  matter; 
for  when  a  well  hammered  slab,  2  or  3  inches  in  thickness,  is  broken, 
the  fracture  to  the  naked  eye  generally  presents  a  continuous  bright 
surface,  mostly  quite  crystalline  in  its  character.  On  the  other  hand, 
in  the  vei7  heart  of  the  mass  black  blotches  are  occasionally  perceptible, 
consisting  of  imprisoned  cinder  so  enveloped  in  solid  iron  that,  when 
the  slab  comes  to  be  rolled,  this  cinder  will  spread  out  into  a  thin 
sheet,  and  prevent  union  between  the  metallic  surfaces  so  completely 
that  there  is  often  no  difficulty  in  separating  the  two  parts  by  mean* 
of  a  cold  chisel. 

Something  of  the  same  effect  may  be  produced  by  roughness  on 
the  outside  of  the  slabs,  etc.  These  fill  up  with  cinder;  and,  when 
they  come  to  be  piled  in  the  balling  furnace,  this  cinder  may  get 
sealed  up  in  the  boiler-plate  slab,  or  billet,  or  pile.  In  such  a  caae 
however  the  cinder,  being  melted  when  it  is  brought  to  the  hammer 
or  rolls,  is  mostly  expelled  before  the  surfaces  by  which  it  is  enclosed 
are  united. 

Not  unirequently  the  interposed  matter  appears  from  its  colour  to 
be  derived  from  pieces  of  fire  brick,  probably  dropping  from  the  roof 


Oiadtsr  ffout 
Puddled  Lttnai>. 

OiDdatttOfu 
Boiler  Flate. 
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if  the  famaoe;  and  if  it  f*r  uther  snliHtances  get  enveloped  iti  a 
•uddled  ball,  before  they  have  time  to  escai^e,  it  is  certain  to  prodnoe 
he  inconveoienoe  under  conBideration, 

The  following  analyses  give  the  oomposition  of  imprieoned  matter 
referred  to,  as  taken  out  of  n  boiler  plate  made  by  a  well-known 

I  Yorkshire  house  i — 
Silica 
AlDinifts 
Protoxide  of  iron  ... 
Peroxide        *« 
^  Protoxide  of  mang&nese  . 
I  Phoiphoric  acid     ... 
Satpbur 
IS  worthy  of  olj^ervation  that  in  the  case  of  boiler  plates  the 
of  soundneBS  in  the  welding  is  often  accompanied  by  the  formu- 
of  a  hollow  cavity  filled  with  giie.    This  poflsiblj  may  arifle  from 
ic  oxide  passing  through  the  poifs  of  the  iron,  acting  on  th« 
of  iron  in  the  cinder,  and  remaining  there  hb  CiU'bonie  Jicid. 
analysis  iU*elf  indicates  a  greatly  reduced  qnantity  of  peroxide  of 
in  the  boiler  plate,  as  compared  with  the  puddled  lump.    Whether 
i&  dae  to  such  an  action  as  that  referred  to  I  am  unable  to  say. 
By  extraordinary  care,  the  loss  arising  from  unsoundness  is,  in  the 
of  the  best  Yorkshire  plates,  reduced  to  a  minimum*     Neverthe- 
the  evil  results,  as  regards  the  boilers  of  8ea*going  steamers,  etc.* 
be  infinitely  greater  than  they  nt^w  are,  wen;  not  the  most 
te  precautions  taken  in  the  examination  and  rejection  of  any 
of  a  suspicious  character. 

the  evil  complained  of  sometimes  makes  its  appearance,  in  spite 

i  precaution  to  prevent  its  occurrence,  it  is  never,  as  may  h^ 

imagined,  entirely  absent,  where  puddled  iron,  instead  of  l^ing 

lered,  is  only  reduced  in  size  under  a  squeezer,  to  fit  it  for  the 

Such  puddled  bars,  on  fractin^},  exhibit  numerous  streaks  of 

t,  which  have  solidified  during  the  act  of  rolling.    Wlien  these 
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are  reheated,  the  cinder  melts^  and  borsts  through  the  iron  walls  of 
the  cavities  enclosing  it  with  explosive  violence,  under  the  pressure  of 
the  rolls.  This  however  does  not  suffice  for  its  entire  expulsion ;  and 
in  consequence  the  merchantable  articles  indicate  too  clearly  the  exis- 
tence of  a  serious  defect  in  the  mode  of  manufiicture. 

If  a  rolled  bar  of  common  iron,  made  from  piled  puddled  ban, 
be  immersed  in  weak  acid,  it  is  often  dissolved  into  such  a  form  as 
resembles  a  bundle  of  rough  coarse  wires  laid  alonside  of  each  otto; 
and  the  same  thing  happens  when  a  rivet  in  a  ship's  bottom  is  exposed 
to  the  corrosive  action  of  bilge  water. 

The  altered  state  of  public  opinion,  respecting  the  future  of  puddled 
iron,  has  greatly  diminished  the  interest  felt  in  questions  connected 
with  its  production.  The  process  however,  from  having  been  practised 
for  nearly  a  century,  and  from  its  ability  to  separate  so  large  a  propor- 
tion of  the  phosphorus  contained  in  certain  makes  of  pig  iron,  deserves 
some  notice.  Such  is  particularly  the  case  when  the  examination  is 
connected  with  improvements,  either  in  efficiency  or  economy,  such  as 
may  possibly  still  enable  puddling  to  hold  its  place,  at  all  events  for 
some  time,  in  spite  of  the  present  revolutionary  tendency  of  events  in 
the  iron  trade. 

The  more  perfect  way  as  compared  with  hand  puddling,  in  which 
the  mechanical  furnace,  as  designed  by  Mr.  Danks,  performs  its  duty, 
has  been  sufficiently  dwelt  upon.  As  regards  its  economy  it  would  be 
difficult  to  speak  with  the  same  amount  of  confidence.  The  experience 
of  my  friend  Mr.  Robert  Heath  has  enabled  him  to  report  favourably 
even  in  this  respect ;  but  so  fer  as  the  experience  of  the  North  of 
England  is  concerned  the  advantages  of  the  rotating  furnace  in  qaes- 
tion  must,  in  my  opinion,  be  confined  to  improvement  in  the  quality 
of  the  product  and  must  not  be  extended  to  greater  economy. 

Probably  no  firm  has  done  more  in  the  development  of  this  in- 
strument than  Messrs.  Graff,  Bennett,  &  Co.,  of  Pittsburg ;  and  no 
one  has  more  carefully  studied  its  use  than  their  manager,  Mr.  John 
Williams.  In  very  terse  language  he  describes  ft  thus :  "  As  a  worker 
of  metal  it  is  without  an  equal ;  as  a  melter  it  is  inferior  to  many;  as 
to  endurance  it  is  the  shortest  lived  of  any ;  and  as  to  convenience  of 
repairs  it  is  one  of  the  most  difficult."* 

Transactions  Iron  and  Steel  Inst,  1877. 
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In  the  old  furnace,  worked  by  manual  lalKiur,  the  pnddler  and  his 
^UDderhand"  tomed  ont  in  each  shift  about  24  cwts.  of  puddled  iron, 
ly  under  2^  tons  per  24  hours  per  furnace  with  two  sets  of  men.     In 
Wales,  in  the  days  when  refined  metal  was  used,  about  3^  tons  repre- 
sented the  daily  prrduct.    In  times  of  avenip^e  prices,  the  men's  wages 
would  amount  to  about  208.  for  the  24  houi*s  at  each  fomace.    Ntiw 
it  IB  evident  that,  with  any  improved  process,  there  ia  not  a  large 
margin  for  economy,  unless  the  output  is  sufficient  to  effect  great 
aavingfi  in  the  general  expeusi^s.      I  l>eiieve  that  in  the  Danks  furnace 
as  much  afl  8  tons  of  puddled  iron  was  turned  out  in  the  24  hours; 
which,  if  perfonned  by  hand,  at  8s.  jjer  ton,  gave  £3  4b.  Od.  for  labour. 
The  increased  expenditure  however  for  I'epaii's  and  other  incidentals, 
sooording  to  the  information  afforded  t£>  me,  indicate  too  clearly  that 
Ithe  application  of  mechanical  puddling,  in  the  Noith  of  England  at 
I  feast,  has  not  V>een  attended  with  any  economy,  even  after  crediting  it 
[with  the  superior  yield  from  the  metal  used. 

So  far  as  the  experience  of  nearly  two  years  enables  lis  to  speak, 

Ithe  prospects  of  success  are  very  much  brighter  in  connection  with 

f  two  revolving  fbmaccs  at  Crensot,  than  with  any  of  their  predecessors. 

^  One  serious  source  uf  difficulty  with  pi-evious  inventions  of  this  class 

haa  been  the   maintenance  of  the  lining.      To  mitigate  this^  the 

revolving  barrel  in  which  the  iron  is  imddled  is  nt  Creusot  so  con* 

^«tracted,  that  there  is  a  space  through  which  a  current  of  water  is 

ept  constantly  running.*    In  this  way  the  coating  of  cinder  is  much 

Dore  easily  retained  in  its  position  and  the  costly  necessity  of  previously 

'  fnsing  this  material  is  entirely  avoided. 

The  Creusot  fiimaces  are  on  a  much  larger  scale  than  thoi^  hitherto 
used  J  for  they  operate  on  charges  of  a  ton  each,  of  which  one  per  hour 
is  turned  out^  or,  to  cover  stoppages,  say  20  tons  for  each  furnace  per 
24  hours.  The  actual  time  required  for  converting  the  jiig,  which  is 
introduced  in  a  melted  state,  I  took  down  upon  the  occasion  of  my 
visit  as  being  30  minutes.  The  fettling  did  not  amount  to  ah^>ve 
per  cent,  of  the  weight  of  the  pig  used,  and  consisted  of  100  parts 
ore,  100  of  roll  scale,  and  40  of  scrap  iron.     The  loss  was  3  per 

•  Mr.  Cnuupton  was  the  ftriit  to  put  tbe  water  jncket  in  operation  in  tbiy 

Doutry,  but  I  beUeve  tbat  Mr.  Win.  ScUers  of  Philadelphia  uIbo  chums  priority  in 

jesting  ita  use. 


872  SECTION  XIII.— EBPINBBT  AND  PUDDLING  FURNAOS. 

cent,  on  the  pig  used,  which  contained  '07  of  phosphorns;  and  this 
quantity  was  reduced  to  the  infinitesimally  low  proportion  of  *005  per 
cent,  in  the  puddled  iron. 

Besides  the  question  of  quality  of  product,  that  of  economj 
demands  the  attention  of  the  manu&cturer,  hence  the  following  tabies 
have  been  constructed  to  show  the  relative  position  in  respect  to  oo6t 
of  different  modes  of  puddling.  The  pig  iron  in  all  cases  is  tak^  at 
the  same  price ;  and,  as  the  fettling  is  an  important  element,  its  yalne 
and  that  of  the  pig  iron  are  included  in  the  first  column. 


CreoBot. 

Rabble. 

tuma     £ 
Puddling. 

umatnMUUiiii 
Fkanos. 

1*   OMiks. 

Cost  of  pig  and  fettUug 

...     100 

114-4 

118-4 

119-7 

12816 

„    coals,  by  weight 

...     100 

163-4 

240-8 

226-9 

192-$ 

„    wages,  as  money 

...     100 

125- 

117-3 

113- 

123- 

The  high  cost  of  pig  and  fettling  charged  against  the  Danks 
furnace  is  mainly  due  to  the  serious  expense  attending  the  melting  of 
the  latter.  The  consumption  of  fuel  in  the  Creusot  furnace  would  be 
much  below  its  present  figure,  were  it  not  for  a  second  furnace  being 
kept  heated,  containing  a  stock  of  melted  iron  always  in  readiness  for 
the  puddlers.  In  the  case  of  the  Danks  furnace,  less  than  one-half 
the  weight  of  coal  consumed  was  required  in  the  actual  operation  of 
puddling.    Each  100  parts  of  coal  were  applied  as  follows : — 

Melting  pig  in  capola       12*5 

Melting  cinder      40K) 

PuddUng  furnace 47*5 

In  respect  to  the  labour,  my  data  do  not  enable  me  to  speak  very 
confidently  as  regards  Creusot ;  at  the  same  time  there  is  every  reason 
to  consider  that  the  basis  of  my  calculation  is  pretty  near  the  truth. 

Taking  the  information  as  a  whole,  comprising  as  it  does  the 
three  most  important  items  of  cost  in  puddling,  we  seem  justified  in 
supposing  that,  if  the  art  is  not  destined  to  be  so  rapidly  extinguished 
as  was  at  one  time  imagined,  the  task  of  effecting  it  by  mechanical 
means  has  been  satisfactorily  solved,  at  all  events  at  Creusot.  Such 
appears  to  be  the  opinion  of  one  very  competent  judge;  for  Mr.  James 
Kitson,  Junior,  has  recently  erected  a  simUar  fiimace  at  the  Honk- 
bridge  works  in  Leeds,  and  has  expressed  himself  entirely  satisfied 
with  the  results  so  far  as  economy  is  concerned. 
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iron  made  in  the  revolving  fumacu  at  Monkbridge  is  as  a  rale 
high  quality,  but  unfortunately  it  sometimes  happens  that  it 
bitg  signs  i}f  redshurtncss.    This  defect  was  not  so  serious  as  to 
interfered  with  its  use  for  ordinary  purposes,  nor  would  it  have 
its  being  employed  for  Siemens-Martin  steel.    Vov  plates  of 
eent  out  by  the  Monkbridge  Company  for  locomotive  and 
marine  boilers  it  was  inadmissible.     Mr«  Kitson  having  requested  mj 

Kce  on  the  subject,  steps  were  taken  to  examine  the  composition  of 
best  British  makes  of  malleable  iron  known  to  be   ft*ee  irom 
hortness. 
In  this  view  the  followioi^  analyses  were  made  in  thu  Clarence 
laboratory : — 

CoDMir* 


OU 


-oil 


•016 

^ftThei'e  is  obviously  nothing  in  the  fixed  impurities  which  tends  to 
^Bow  any  light  on  the  t^ause  of  the  defective  quality  complained  of, 
and  attention  was  therefore  directed  to  iiscertiiining  whether  oxygen 
gas  in  Bome  form  might  not  be  concerned  in  the  matter. 

Pure  hydrogen  gus  was  passed  ihiring  two  hours  over  coarst^  borings 
to  a  tempcmtui^  about  the  meltiug  point  of  cast  ii*on.     The 
m  ascertained  by  conversion  of  hydrogen  into  water  was : — 


Cwboti. 

smootL 
Per  Cent. 

Sulphur. 
Pur  Cent. 

FhospboruK. 
Percent 

Bowlinir  li  ftqiiAre  bar 

•015 

157 

005 

220 

&0W  Moor  rivet  iron   ,., 

■200 

not  ^viMi 

trace 

115 

Emkbridgu  l»est  plat**,  puddled 

mh^i^    

*01« 

151 

•004 

•097 

BmilibHdge  bert  pUte.  rotarj 

f  u  mace,  1  lot  rcdshort 

016 

118 

015 

(372 

Tb«    fample    of    Mciiikbridge 

pimte*  hlso  made   in  rotary 

fnrnacet  being  redahort 

^015 

■121 

019 

138 

Beit  Yorkshire  hand -puddled 
Plate  free  from  redshortness 
Bcdiihort  Rample      ... 


Per  Osnt. 
349 
674 
*713 


^^othing  mis  gained  from  this  experiment,  for  it  would  appear  as 
bere  wore  only  a  sHght  excess  of  oxygen  in  the  redahort  specimen 
ompared  with  the  other, 

recent  plan  of  ascertaining  the  presence  of  oxygen  devised  by 

fudEer  was  then  tried.     It  conaists  in  fusing  a  weighed  sample  of 


874  SBOTION  XUI. — BEFINEBY  AND  PUDDUNG  FUBHAOl. 

the  iron  in  a  carbon  crucible.  The  increase  of  weight  doe  bf 
carbonization  is  obtained,  and,  after  allowing  for  this,  the  loss  is  con- 
sidered as  oxygen.  By  this  means  the  following  resolte  were 
obtained: — 

FerOiat 

Best  Yorkshire  hand  paddled       '750 

Made  in  rotary  furnace,  not  redshort      *704 

,}  „        redshort  1*884 

It  should  be  noted  that  the  oxygen  got  by  the  hydrogen  treatment 
is  possibly  nothing  more  than  might  be  due  to  oxide  of  iron  and  it 
certainly  is  a  question  whether  the  action  of  the  hydrogen  gas  would 
afEect  the  entire  substance  of  the  metal.  Similar  experiments  had 
shown  that  while  borings  were  nearly  constant  in  weight  after  two 
hours  exposure  small  bars  only  decreased  gradually  till  after  20  hoan 
treatment.  Against  this  inconvenience  the  carbon  experiment  pro- 
bably will  give  too  high  a  figure  for  oxygen,  as  the  bases  of  the  enclosed 
cinder — other  than  iron  oxides — and  part  of  the  silica  will  not  remain 
united  with  the  metal  and  therefore  be  accounted  for  as  oxygen.  Both 
sets  of  experiments  were  however  made  under  exactly  similar  conditions, 
and  by  the  latter  certainly  the  redshort  iron  shows  a  great  excess  of 
oxygen.  The  fact  is  given  without  any  intention  of  considering  the 
question  as  finally  settled. 

The  present  is  a  fitting  opportunity  to  compare  the  economy  of 
producing  malleable  iron  from  pig,  rich  in  phosphorus,  with  that  of 
making  blooms  by  the  direct  process  from  ores  used  in  the  smelting  of 
such  cast  iron.  For  this  purpose  we  will  assume,  that  whidi  often 
happened,  viz.,  that  iron  obtained  in  a  revolving  furnace  was  as  free  from 
phosphorus  as  that  mentioned  in  Section  III.  got  by  the  direct  prooesB. 

Now  allowing  as  much  as  12  cwts.  of  fettling  per  ton  of  iron  one- 
half  of  which  is  cinder  we  have  in  reality  only  half  this  weight  of  fresh 
material  to  deal  with,  which  enables  the  Danks  or  similar  furnace  to 
give  as  great  a  weight  of  puddled  iron  as  they  use  of  pig.  We  have 
therefore — 

OwtcoC 
Irai(V4. 

20  cwts.  of  pig  iron  equal  to         18*6 

G         „  fettling  containing  60  per  cent.  —        3*6 

88*8 
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that  in  reality  the  total  loss  of  actual  iron  is  under  10  percent, 
instead  of  35  per  cent*  m  shown  in  Section  YIL  on  the  direct  prooe«B 
nt  pagfe  4L  If  indeed  the  iron  in  the  full  weight  of  fettling  wem 
taken  into  the  account,  the  waste  of  mettil  would  be  very  little  more 
than  one  half  of  85  per  cent. 

On  discussing  the  subject  of  the  revolving  fiirnace  with  Mr. 
Williama,  he  quite  agi^e^^s  with  me  in  the  high  character  of  the  product 

[  capable  of  turning  out,  as  indeed  has  been  shown  hy  the  analjsis 

in   the  present  section.      Acooi-dhig  to  the  opinion  of  tliis 

rienced  authority,  this  form  of  apparatus  did  not  receive  at  the 

nda  of  the  skilled  men  of  the  trade,  that  attention  its  merits 
Anerved.  At  Dowlais,  efforts  were  exclusivelj  directed  to  prevent 
Hk^on  of  the  fettling;  but  Mr.  Banks,  some  years  afterwards, 
prop^jonded  the  sound  doctrine  that  it  was  not  by  enduavuuring 
to  maintain  the  lining  intact  that  real  success  was  to  be  secured.  The 
proper  coarse  to  follow  was  to  use  an  ore  as  tree  from  earthy  impurity 
i&nd  phosphorus  as  possible,  which,  wearing  away,  would  add  to  the 
oxide  of  iron  in  the  l»ath,  and  thus  assist  in  purging  the  pig  iron  from 
those  Buhst'ances  which  deteriorated  the  quiility  of  the  product*  As 
Iff.  Williams  however  observes  Mr.  Banks  appeared  **  a  day  afDcr  the 
fair,'*  Steel  began  to  take  the  place  of  iron  and  manufacturers  found 
little  inducement  to  attempt  the  impro\'ement  of  a  process,  which, 
Booording  to  many,  is  not  destined  t<»  be  long-lived  in  the  iron  trade 
of  the  world,  But  for  this,  he  thinks  that  the  revolving  puddling 
ftirnac4^  would  have  sufierseded  tliat  of  Rogers,  both  in  the  mutter  of 

■ntity  and  quality  of  the  iron  produced* 
Bo  far  as  the  information  afforded  by  Ritter  v.  Tunner  enables  one 
to  form  an  opinion,  the  balance  against  the  direct  process  for  lal^onr 
IBjd  coal  as  corapared  with  the  blast  and  puddling  fnniaces  taken 
^ether  renders  it,  in  competition  with  the  ibnncr,  to  say  the  least  of 
[t,  all  but  hopeless,  charging  both  operations  with  ore  and  fuel  at  the 
Bame  price. 

The  process  of  puddling  being  one  of  a  purely  chemical  character, 
it  is  not  surprising  that  means  should  have  been  devised  to  promote 
its  efficiency  by  additions  tjf  substLinces  known  under  the  general 
^ftignation  of  chemicals,  I  do  not  profXiBe  to  examine  this  subject  at 
H^h»  because  there  is  no  method  hitherto  suggested  which  has  come 
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into  general  use.  Suppose  for  the  moment  however  that  there  is  to  be 
found,  in  nature  or  elsewhere,  matter  which  is  capable  of  separatiiig 
the  hurtful  ingredients  from  pig  iron,  more  expeditiously  than  is  done 
by  oxide  of  iron.  If  such  a  substitute  be  expensive,  but  from  its  ener- 
getic action  need  only  be  used  in  small  quantities,  we  are  met  by  the 
difficulty  of  having  to  bring  a  few  pounds  of  it — indeed  in  one  prooesB 
only  a  few  grains — into  intimate  contact  with  4  or  5  cwts.  of  iron;  wifli- 
out  which  contact  no  substantial  good  can  be  effected.  If  a  large 
quantity  of  an  inexpensive  substance  would  suffice,  it  would  seem 
difficult  to  obtain  a  cheaper  material  than  that  now  in  use,  viz.,  a 
mixture  of  ore  with  the  cinder  produced  in  the  works.  Such  a  material 
is  not  only  capable  of  effecting  its  intended  purpose  in  a  very  eflScieul 
manner,  but  it  possesses  the  advantage  of  being  available  in  the  blast 
furnace;  which  cannot  be  said  of  any  other  substance,  with  the  excep- 
tion of  lime,  and  to  a  limited  extent  of  manganese,  applicable  for 
"physic"  in  puddling. 

In  the  next  section  the  more  recent  methods  of  eliminating  those 
foreign  substances  which,  so  to  speak,  are  dissolved  by  iron  during  the 
operation  of  smelting  will  be  considered.  It  will  then  be  shown  that 
their  separation  from  the  metal  itself  can  be  as  completely  effected  by 
processes  of  a  much  more  economical  nature  than  that  of  puddling. 
Under  these  circumstances  it  may  well  be  asked,  what  is  it  that  canses 
Gort's  invention  still  to  retain  so  conspicuous  a  position  in  the  manu- 
facture of  iron  as  it  does.  The  difficulty  which  has  hitherto  been  a 
barrier  to  the  more  rapid  substitution  of  ingot  iron  for  welded  iron  is 
partly  due  to  some  occasional  irregularities  in  the  quality  of  the  former 
and  partly  owing  to  the  unwillingness  and  want  of  experience  in  tiie 
workmen  to  deal  with  a  new  material.  Time  before  long  will  remove 
most  of  these  obstacles  and  every  year  will,  no  doubt,  see  a  larger  pro- 
portion of  steel  or  ingot  iron  taking  the  place  of  puddled  or  welded 
iron.  Strength  and  durability  of  course  are  very  important  factors  in 
determining  the  selection  of  materials,  but  so  long  as  these  are  not  ac- 
companied by  economy  in  the  cost  of  production  the  cheaper  article 
will  continue  for  a  long  time  to  hold  at  least  a  portion  of  its  former 
ground.  Hitherto  plates  used  for  boilers  and  ships  can  be  mannfao- 
tured  more  cheaply  from  puddled  iron  than  from  ingot  iron  or  steel 
and  in  consequence  the  former  is  still  largely  employed.    In  all  pro- 
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6,066.171 
1,142,065 


«.4i>3^7 
1.758,152 


Consam«d  or  stocked  for  home  conftmupticm.,,     5,43440H         6,735,135 
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^Mftj  however  this  difference  of  cost  is  a  mere  question  of  lime,  and 
wfn  a  puddling  ftimace  may  be  as  rare  an  object  m  a  Catalan  tire  or  a 
furnace  driven  with  cold  air  is  at  the  present  time. 
I'he  statistics  of  the  iron  trade  4U"e  not  sufficiently  complete  tf» 
ble  us  tc»  ia^titute  a  very  exaot  comparison  l)etween  the  |K)sition 
;)f  the  manufacture  of  puddled  iron  of  the  present  time  and  that  of 
previous  j^ars.  Ronghly  however  the  figures  given  below  exhibit  the 
imture  of  the  uliange  which  hae  been  going  on  dnrinj;  the  last  ten 

^B   Pig  iron  made  in  the  Unitocl  Kingdom 
H         «        PxporUd 

I 

^P^e^lecting  any  differences  in  stocks  on  hand  there  appears  to  have 
Wkk  an  increase  of  about  20  per  cent,  in  the  pig  iron  worked  up  in 
the  year  1882  as  compared  with  187B, 

According  to  the  same  authority — Reports  of  the  British  Iron 
Association — the   number    of    puddling    fiimaees    at   work   was   as 
Ii>llow8;— 
^P  1879—7,264  fummces.    188^— 1^369  furruiceii.' 

Thus  while  the  general  consumption  of  pig  during  the  ten  years  in 
fjuestion  has  been  increased  about  20  per  cenL^  it  a|>}iears  [>08sible 
that  the  make  of  puddled  iron  in  the  United  Kingdom  has  deciH?ase<l 
in  quantity. 

The  paddling  tiimace  cannot  however  be  taken  leave  of  without 
remembering  what  immense  service  it  has  rendered  to  the  manufacture 
tf  ii'on  and  to  the  spread  of  civilisation.  Something  must  be  Siiid  in 
^mvonr  as  a  mere  means  of  freeing  the  metal  of  its  associated  im- 
^Bties.  It  is  n*>t  a  little  singular  that  these  substances  can  Ixj  so 
Impletely  separated  by  puddling  that  we  can  have  a  product  in  which 
their  united  amount  often  does  not  exceed  one  quarter  per  cent,  of  the 
weight  of  the  bar. 

fow  that  rails  ctm  be  made  of  steel,  even  from  a  comparatively 
give  hematite  ore  brought  from  Spain  or  raised  in  England,  more 


*  The  aceiiraev  of  thU  retuni  in  i|noHtunm)i]r. 
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economicallj  than  a  good  quality  of  rail  can  be  produced  in  iroD 
from  the  cheaper  ironstone  of  Cleveland  or  elsewhere,  steel,  to  the 
entire  exclusion  of  iron,  must  be  henceforward  looked  upon  as  tbe 
proper  material  for  railroads.  Iron,  in  the  matter  of  wear,  exhiUtod 
very  great  irregularity,  some  rails  showing  signs  of  distress  within  a 
year  or  two  of  being  laid  down,  while  others  afforded  very  satis&ctoij 
results.  This  uncertainty  of  quality  has  perhaps  been  the  means  of 
procuring  for  iron  a  worse  reputation  than  its  merits  as  a  whole 
deserved. 

In  illustration  of  this  assertion  I  would  instance  the  experience  on 
the  main  line  of  the  North-Eastem  Railway  on  certain  sections  of  ifcft 
system,  which  may  be  taken  as  fair  samples  of  the  others.  On  diat 
extending  between  Newcastle  and  Berwick,  66*8  miles  of  double  way, 
the  iron  rails  laid  down  in  1847  weighed  65  lbs.  per  yard.  Eenewab 
conmienced  in  1855  and  terminated  in  1867.  In  these  the  weight  was 
increased  to  82  lbs.  per  yard. 

The  maximum  duration  of  the  65  lbs.  rails  was  21  years  and  the 
minimum  8  years,  the  average  being  12*8  years. 

A  second  relaying  with  the  82  lbs.  rails  was  commenced  in  1864, 
and  the  average  age  of  those  taken  out  has  b^n  14'18  years.  The 
iron  rails  still  in  use  on  the  Newcastle  and  Berwick  section  is  87*80 
mOes  of  single  road,  having  a  present  (June,  1888)  average  age  of 
14*87  years. 

The  Newcastle  and  Darlington  section  has  a  length  of  35"  15  miles 
of  double  way.  Rails  of  65  lbs.  per  yard,  laid  down  in  1844,  began 
to  be  renewed  in  1858  and  others  of  82  and  88  lbs.  were  laid  in 
their  place.  The  longest  life  of  those  of  65  lbs.  was  19  years  and  the 
shortest  9  years  the  average  of  the  whole  being  11*47  years.  The 
average  life  of  the  heavier  rails  (82  and  88  lbs.)  was  only  9*38  years, 
but  the  tra£Sc  became  much  heavier  after  they  were  brought  into  use. 
There  only  remains  8*82  miles  of  single  way  of  iron  rails  on  this 
section,  the  average  present  life  of  which  is  8*40  years. 

The  Newcastle  and  Carlisle  section  comprises  59*4  miles  of  double 
way.  It  was  laid  with  Losh's  patent  "fish  bellied  rails,"  weighing 
only  42  lbs.  per  yard,  partly  rolled  at  Walker-on-Tyne  but  chiefly  in 
South  Wales.  The  maximum  duration  of  these  was  26  years  and 
the  minimum  18  years,  the  average  being  17*25  years. 
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The  average  life  of  83  lbs.  rails,  commenced  to  be  laid  down  on 
I  section  in  1849  was  14*21  years*  There  still  remains  (June,  1883) 
miles  (single  way)  of  iron  rails  on  this  section,  the  avemge  age 
ich  m  10"05  ye^rs. 
The  statements  jnst  submitted  do  not  afford  any  proper  criterion 
01'  the  resisting  powers  of  iron  rails;  for  this  can  only  be  determined 
the  cx)mparatiTe  weights  of  the  engines^  the  amount  of  traffic  and 
speed  of  the  trains  which  have  passed  over  them.  According  to 
.  B,  Price  WiHiams  the  average  life  of  an  iron  raO,  on  the  most 
avily  worked  ptfrtions  of  the  railways  in  the  United  Kingdom,  may 
foondly  be  taken  at  about  1 7-^  milKons  of  tons.  Quoting  the  experience 
r.  Webb  of  the  London  and  North-Westcrn  Raiiwuy,  Mr*  Williams 
to  estimate  that  the  average  life  of  a  Bessemer  steel  mil  will 
be  101  millions  of  tonAj  or  approximately  about  nine  times  that  of  an 
fron  mil.  This  was  an  opinion  expressed  ubout  the  year  1878,  but  it 
I  to  be  apprehended  that  actual  experience,  in  which  even  now  (1^83) 
\  are  greatly  deficient,  will  not  be  found  to  corroborate  this  opinion 
of  the  relative  durability  of  the  two  kinds  of  rails. 

On  the  North -Eastern  system  comprising  1,508  miles  of  main  line 
[railway  equal  t^:*  2,491)  miles  of  single  line,  steel  rails  were  only  intro- 
at  first  very  sparingly,  about  the  year  1862  and  it  was  not 
Itil  1874  that  they  were  largely  used.    Since  the  year  1877  no  iron 
have  heen  purchaBed  by  this  company.    At  the  present  moment 
803  single  mOes  of  their  way  are  laid  with  steel  and  the  quantity 
aewed  us  not  fit  for  further  use,  is  too  insignificant  to  afford  any 
ata  npon  which  to  form  any  opinion  of  their  durability.    The  on!y 
ourate  data  in  my  possession  ib  that  afforded  by  1,216  yards  in 
Shildon  tunnel,  on  the  Stockton  and  Darlington  Sectiou,  having 
[gradient  of  1  in  250  against  the  load.     In  June  and  July,  1865, 
length  was  laid  with  double-headed  steel  rails  weighing  77  lU. 
yard,  of  which  the  wear  was  ascertained  firom  time  to  time. 
By  March,  1869,  the  uvemge  loss  of  weight  on  twenty-four  mils 
;  found  to  be  8  lbs.  per  yai'd,  equal  tti  10'39  per  cent*,  an  amount  of 
sion  which  necessitated  their  Ijeing  turned. 
In  June,  1872,  an  average  of  twenty- three  rails  showed  a  fnrther 
•of  9  lbs.  per  yard  equal  to  11*09  per  cent.,  making  22*08  per  cent* 
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daring  the  seven  years  they  had  been  in  use,  equal  therefore  to  di5 
per  cent,  per  annum.  At  this  period  the  whole  were  taken  np  as  being 
no  longer  serviceable. 

The  total  net  traffic  which  passed  through  the  tunnel  was  81,149,47S 
tons,  or  including  the  weight  of  the  trucks,  etc.,  say  46  million  tons. 
Roughly  we  may  consider  the  return  load  would  be  that  of  the  emptj 
trucks,  etc.,  say  15:1^  million  tons.  Taking  the  entire  weight  whid 
passed  over  the  two  lines  of  way  we  have  61 J  millions,  which  would 
give  SO' 62  million  tons  as  the  life  of  a  rail  in  this  particular  toimeL 
I  am  not  prepared  to  say  that  the  wear  of  a  rail  in  such  a  situation  it 
the  same  as  that  in  the  open  air;  but  I  do  know  that  one-ninth  of  flK 
period  during  which  they  were  in  use,  viz.,  ^  year,  or  less  than  ten 
months,  did  not  express  the  life  of  an  iron  rail  in  this  locality,  whidi 
it  ought  to  do  according  to  the  formula  laid  down  by  Mr.  Price 
Williams. 

So  far  as  the  experience  of  the  officials  of  the  North-Eastem  Bail- 
way  enables  them  to  judge  at  present,  they  will  be  well  satisfied  if  the 
steel  raOs  now  in  use  have  double  the  life  of  those  of  iron  of  the  same 
weight  per  yard  (82  lbs.)  which  preceded  them,  i.e.,  instead  of  remaining 
serviceable  for  ten  to  twelve-and-a-half  years  they  are  found  in  use  at 
the  end  of  twenty-two  years,  calculated  on  the  present  traffic. 

Whatever  the  power  of  steel  rails  to  resist  abrasion  may  be,  all  ex- 
perience points  to  their  life  being  much  more  uniform  than  was  the 
case  where  iron  was  the  material  employed.  An  iron  rail  however  be- 
came unserviceable  long  before  it  had  lost  much  of  its  weight.  Instead 
of  actual  wear,  the  head  of  the  rail  became  crushed,  its  comparative 
toughness  apparently  resisting  abrasion.  Thus  while  the  average  loss 
of  weight  in  iron  rails  would  not  exceed  7^  per  cent,  at  the  period  of 
removal,  the  loss  in  82  lbs.  steel  rails  appears  to  be  1  lb.  per  yard  per 
annum — say  1^  per  cent,  for  each  year  of  actual  service. 

Before  economy  in  the  manufacture  of  steel  rails  had  reached  its 
present  position,  the  North-Eastem  Railway  Company  tried  iron,  in 
the  form  of  a  solid  bloom,  obtained  from  the  pig  of  their  own  district 
in  the  revolving  furnace.  The  puddled  iron  was  treated  in  machinery 
constructed  by  Sir  W.  6.  Armstrong  &  Co.,  and  the  rails  were  case- 
hardened  by  Dodds'  process.  The  change  in  the  cost  of  prodadng 
steel  rails  however  put  an  end  to  further  trials  in  this  direction. 
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ON  MORE  RECENT  METHODS  OF  SEPARATING  THE 
SUBSTANCES  TAKEN  UP  BY  IRON  DURING  ITS 
PASSAGE  THROUGH  THE  BLAST  FURNACE, 

In  a  former  portion  of  this  work  the  advantages  were  sot  forth  of  the 
circnit-^ma  mode  of  treatiu^'  the  ores  uf  iron  by  the  aid  of  the  bla.sb 
fnmaoe,  even  when  the  metat  in  its  malleable  state  was  the  ultimate 
abject  in  view*  When  iron  is  ref|nired  in  this  last  mentioned  form, 
the  manufacturer  has  liithcrto  been  unable  to  obtain  it  in  lai'ge  ma.s8es, 
by  the  ordinary  method  of  simple  fusion,  m  pursued  by  smelters  of 
other  metals  in  common  use,  such  as  gold,  silveri  copper,  lead,  or  zinc. 
The  melting  point  of  wrought  iron  is  so  high,  that  it  h  only  witliin 
the  last  quarter  of  a  century  that  we  have  been  able  to  bring  any 
quantity*  beyond  a  few  pounds,  to  the  fluid  state  at  one  time,  by 
means  of  heat.  Under  these  eii'cumKlanees  the  iron  maker  had  to 
arail  himself  of  that  other  valuable  property  [K>8se8sed  by  this  metal, 
namely  welding;  by  the  aid  of  which  his  gi-anules  were  built  up  into 
the  shape  of  the  "puddler's  ball*'  by  the  nnmual  exertion  of  the  work- 
man. This  required  extensive  shoi^tj  containing  squeey.ei-a,  hummers, 
puddle-rolls,  etc.,  by  means  of  whiob,  and  of  a  conaiderable  expendi- 
ture of  metal,  fuel,  and  labour,  the  puddled  iron  was  welded  together. 
The  product  thus  obtained  k  liable  to  unsoundness,  from  the  difficulty 
of  separating  the  adhering  cinder,  which,  as  k  wlU  known,  gets  sealetl 
ap  in  the  interior  of  the  mass. 

In  1856  Henry  Bessemer  announced  tliat  he  was  ftl>le  to  ohtiiiu 
fluid  malleable  iron  by  blowing  air  through  the  molten  crude  metal 
employed  in  its  production,  the  heat  being  obtained  by  the  eombustiou 
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of  those  substances  which  had  united  themselves  with  the  iron  in  the 
blast  furnace.  In  other  words  the  very  heat,  as  it  were,  which  had 
effected  the  reduction  of  the  metalloids,  in  the  smelting  process,  w» 
rendered  available  in  the  Bessemer  converter.  The  surprise  sndi  i 
statement  was  calculated  to  excite  was  a  good  deal  subdued  by  the  small 
amount  of  Mth  with  which  it  was  received. 

No  doubt  it  did  seem  at  first  sight  incredible  that  such  an  effect  tf 
that  represented  could  be  obtained  in  any  form  of  apparatus;  seeiif 
that,  in  the  old  fashion  of  making  malleable  iron  by  puddling,  the 
metalloids  contained  in  the  pig  were  equally  oxidised,  with  the  same 
evolution  of  heat  as  that  generated  in  the  converter.  The  result  with 
the  latter  was  the  more  surprising,  inasmuch  as  in  that  case  there  k 
an  enormous  excess  of  heat,  which  escapes  in  the  form  of  inteiuely 
brilliant  flame  from  the  mouth  of  the  vessel;  while  in  puddling  the 
metal  a  quantity  of  coal  has  to  be  burnt,  most  wafitefully  it  is  tme, 
equal  to  half  that  required  in  the  smelting  furnace. 

In  forming  a  judgment  on  the  subject  the  difference  of  the  condi- 
tions was  entirely  overlooked.  In  the  puddling  furnace  the  internal 
heat  was  produced  by  the  comparatively  slow  combustion  of  the  carbon 
and  slow  oxidation  of  the  metalloids;  while  the  heat  was  applied  exter- 
nally to  the  raw  material  in  an  apparatus  from  which  there  waa  a 
great  loss  by  radiation,  convection,  etc.  In  the  converter,  on  the 
other  hand,  an  inmiense  volume  of  air  was  rapidly  poured  through 
the  metal,  generating  the  heat  in  the  very  heart  of  that  masa  the 
temperature  of  which  it  was  desired  to  raise.  The  operation  was  also 
performed  under  circumstances  where  the  loss  by  radiation,  having 
regard  to  the  quantity  under  treatment,  was  infinitely  less  than  to 
an  ordinary  furnace. 

For  some  years  after  the  first  briUiant  exhibitions  of  a  Bessemer 
converter  at  work,  those  interested  in  its  success  encountered  great 
disappointment.  The  fact  that  atmospheric  air,  when  forced  into 
molten  cast  iron,  would  bum  off  carbon,  silicon,  and  sulphur,  and 
would  partially  remove  the  phosphorus,  was  well  known  to  every  one 
who  had  any  experience  in  the  violent  action  set  up  towards  the  close 
of  the  old  process  of  refining.  No  one  suspected  however,  until 
Bessemer  proved  it,  that  by  forcing  the  air  upwards  through  the  maaa 
of  liquid  iron  in  sufficient  quantity,  and  with  sufficient  velocity,  so 
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aee  a  temperature  would  aocompftnj  the  process.     Unfortunatelj 

abeeuce  of  a  sufficient  quantity  of  oxide  of  iron  in  the  cinder 
the  whole  of  the  phuspliorus,  originally  contained  in  the  pig, 
q  aocumulate  in  the  decarbniized  metal. 

»The  presence  of  this  phosphorus  was  a  fatal  blow  at  first  to 
Pkemer's  hopes  ;  and  the  remarkable  thing  is  that  a  metal  containing 
ibove  a  certain  quantity  of  it,  made  in  the  converter  will  be  entirely 
meleBSt  although  it  contains  a  smaller  quantity  of  phosphorus  and 
Either  non-metallic  matter  than  a  piece  of  malleable  iron  of  good 
bantable  quality,  produced  by  means  of  the  puddling  furnace* 

Iltimately  success  was  acliieved  by  employing  Swedish  iron  of 
.  purity;  and  in  the  end  certain  Englisli  makes  were  found  avail- 
able, provided  they  did  not  contain  above  one  part  in  a  thousand  of 
phoBphoms,  and  provided  they  either  contained  manganese,  or  had 
this  metal  added,  as  was  proposed  by  B.  F.  Mushet  when  he  patented 
the  addition  of  Spiegel  iron  to  the  contents  of  the  converter.  By  the 
aid  of  this  valuable  and  important  discovery  "  the  red  shortjiess*' 
which  rendered  Bessemer  metal  unmanageable  in  the  subsequent  Btagea 
i>f  manufacture  was  entirely  removed. 

The  fact  that  manganese  was  often  present  in  ores  frum  which  the 
Biiaet  deBcripti(»ns  of  malleable  iron  had  been  made  in  Sweden  and 
Kufisia,  probably  suggested  its  eiirly  use,  by  Ha^Beufratz  and  others, 
in  the  manufacture  of  steel  as  well  as  of  bar  iron*  Forty  years  ago 
^j  friend  Joeiah  Mai*shall  Heath  rendered  great  service  to  the  .steel 
tJiide  of  this  country  by  the  addition  of  manganese  to  crucible 
tteel. 

Bessemer  steel  as  now  manufactured  can  be  obtained  of  various 
Itialiiies — it  may  have  the  carbon  so  reduced  in  quantity  as  to  resemble 
^  this  respect  many  well  known  brands  of  malleable  iron,  or  it  may 
k>e  run  in  the  form  of  steel  of  any  degree  of  hardjoess,  by  a  mere 
iiicrease  in  the  quantity  of  carbon  it  contains*  As  the  spiegel  iron 
^hich  is  lulded  immediately  before  iimning  the  steel  into  the  ingot 
teold,  may  bring  with  it  more  carbon  than  is  required  fur  certain 
^■poses^  the  alloy  known  as  ferro-maugiuiL^Be  is  in  those  ca^es  used  in 
^■e  of  rlie  spiegel.  This  substance  was,  I  think,  first  made  commer- 
^By  by  Mr.  Uenders^m  in  a  reverberator)^  ftiruucc?;  but  since  tiien 
^■Gautier,  fonnerly  of  Tcrrenoire,  succeeded  in  obtaining  it  from 
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the  blast  famace.  Owing  to  the  high  temperature  reqairedy  as  mndi 
as  three  tons  of  coke  are  consumed  for  each  ton  of  ferro-manguMR 
produced,  which  may  be  made  to  contain  as  much  as  80  per  cent  rf 
manganese ;  but  owing  to  the  difficulty  of  reducing  this  metal  a  oob- 
siderable  quantity  runs  off  as  oxide  in  the  slag. 

In  recent  years  the  progress  of  this  branch  of  metallurgic  sdenoe 
has  advanced  with  unexampled  rapidity.  By  means  of  Beesemer'savn 
mechanical  appliances,  added  to  the  use  of  hydraulic  machineiyy  aodof 
rolling  mills  of  unprecedented  power  and  capacity,  the  mannfiMstareof 
steel,  particularly  in  the  form  of  rails,  has  been  so  economised  as  feD 
defy  the  comi)etition  of  iron,  even  when  produced  from  the  cheapeit 
known  ores.  This  in  part  is  due  to  improved  machinery,  partly  appli- 
cable no  doubt  to  the  manufacture  of  iron;  but  it  chiefly  arises  ttm 
the  greater  simplicity  of  the  process  itself.  To  make  an  inm  rulin 
the  old  fashion,  the  metal  is  puddled  in  small  heats,  hanmiered,  and 
then  rolled  into  puddled  bars  often  not  exceeding  120  lbs.  in  weigitt. 
These  pass  through  many  hands,  have  to  be  cut  up,  and  even  to  the 
extent  of  25  to  33  per  cent,  have  to  be  re-rolled  into  slabs,  before  thej 
form  the  pile  for  the  rail  itself;  the  iix)n  being  necessarily  allowed  to 
cool  between  each  operation. 

For  steel  7  or  8  tons  of  metal,  brought  hot  from  the  blast  fonuce, 
is  run  into  the  converter.  In  less  than  half-an-hour  the  whole  is  in 
the  form  of  steel  ingots  large  enough  for  three  of  the  heaviest  ttd 
longest  rails  in  use,  instead  of  one,  as  in  the  case  of  the  iron  pile.  Tb» 
heat  which  has  served  for  effecting  its  conversion  into  steel  would,  if 
properly  used,  suffice  for  its  manipulation  by  the  rail  mill;  at  all 
events  the  ingot,  being  thrust  hot  from  the  mould  into  the  re-heatiog 
furnace,  needs  in  actual  practice  very  little  additional  fuel  for  finishisg 
the  work. 

When  the  two  modes  of  dealing  with  pig  iron  are  reduced  to  actual 
figures,  the  advantage  of  Bessemer's  pneumatic  process  over  that  of 
puddling  leaves  no  doubt  as  to  the  impossibility  of  the  latter  ever 
being  able  to  hold  its  own  against  this  invention,  improved  as  the 
latter  has  been  by  the  experience  of  later  years.  In  support  of  thi* 
opinion  we  have  only  to  compare  the  waste  of  metal,  the  quantity  of 
fuel  consumed,  and  the  expense  of  labour  for  the  two  systems.  Tbeae 
are  set  forth  with  a  sufficient  approach  to  correctness  in  the  two  sob- 
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colamns  of  figures*    Taking  sfceel  as  unity,  the  comparative 
iption  for  iron  rails  is  stated  in  the  column  under  that  head, 
ing  in  both  ctises  the  fuel  and  labour  at  the  blast  furnace: — 


Hg  iron  einjiloved 

feal 

tfBbour  ,» 


{^Dfit  the  statement  just  made  it  must  be  recollected  that  the 
lol  manufacturer  is  ahle  to  employ  a  mnch  cheaper  quality  of  pig 
■ban  can  be  used  in  the  Bessemer  converter;  unless  indeed  the 
ed  Basic  process  is  employed  for  ridding  the  cheaper  iron  of  its 
ihoms,  an  operation  which  will  be  attended  with  some  expense, 
which  non-phosphoric  iron  is  exempt. 

speaking  therefore  of  competition  between  iron  and  steel,  in 
mparison  just  refen-ed  to^  the  observation  is  for  the  present  cen- 
to that  of  the  facility  and  cost  of  extracting,  from  certain  well 
1  deposits,  supposed  equally  accessible,  those  ores  which,  without 
T  preparation,  are  fit  for  making  steel,  and  those  which,  from  the 
ice  of  phosphorus,  are  not  suitable  for  steel,  but  can  be  employed 
1  manufacture  of  what  is  known  as  malleable  or  wrought  iron, 
(ne  of  the  objects,  however,  of  the  present  section  is  to  consider  the 
ltd  of  our  being  able  to  enlarge  the  choice  of  our  raw  material ; 
it  which  the  extended  use  of  steel  might  before  long  receive  a 
serious  check.  This  enlarged  area  of  selection  will  be  considered 
ater  perioi 

to  simplicity  and  economy  of  manufacture  we  add  the  ad- 
A  superiority  of  strength  fKissessed  by  steel,  and  the  absence  of 
perfect  welding  which  frequently  attends  the  use  of  the  puddling 
!,  the  importance  of  the  question  becomes  obvious.  To  Great 
whose  position  as  an  iron  making  nation  has  been  so  largely 
ident  on  her  possesion  within  her  own  shores  of  the  requisite 
of  ore,  the  question  has  an  especial  interest.  This  position, 
blear,  wOl  be  materially  afietled  if,  instead  of  feeding  onr  furnaces 
mineral  obtained  in  the  country  itself,  we  have  to  derive  our 
ies,  or  a  large  portion  thereof,  from  quarters  to  which  all  the 
has  as  ready  access  as  ourselves ;  leaving  any  difference  in  the 
f  transport  to  tell  for  or  against  us,  as  the  case  may  be. 

r 
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By  comparing  the  change  which  has  taken  place  during  reoent 
years  in  the  relative  quantities  of  ore  of  difierent  qualities  smelted  in 
the  iron  works  of  Great  Britain^  it  will  be  easy  to  appreciate  the  nabne 
of  the  alteration  which  is  taking  place  in  this  troly  national  branch  of 
indnstry. 


Iron  Ore  soitable  for  SteeL' 

StoeL 

S?f 

Britlflh. 

Imported. 

Total 

Total 

1871 

2,233,751 

524,175 

2,757,926 

14,101,187 

16,859,06s 

1880 

2,757,887 

3,060,331 

5,818,218 

21,066,7«) 

1881 

2,805,472 

2,803,198 

5,608,670 

14,640,593 

20,249,268 

1882* 

2.807,372 

3,282,496 

6,089,868 

14,638,694 

20,728^ 

In  order  to  ascertain  the  real  progress  of  the  manufiM^tnre  of  pig 
iron  comparatively  free  from  phosphorus,  and  in  consequence  suilBble 
for  steel  purposes,  consideration  must  be  given  to  the  relative  richiiefl 
of  the  two  classes  of  ore.  For  the  present  purpose  the  purer  de8ccq>- 
tions  are  regarded  as  yielding  52  per  cent,  of  metal  against  80  per  cent 
afforded  by  the  other. 


Pig  Iron 

IncroMo  over  Un. 
Iron  from             Ron 
Steel  Ores.     OvdinsiyOni 

Steel  Ores. 

Ordinary  Ores. 

1871 

1,434,121 

4,230,341 

—                  — 

1880 

3,025,473 

4,580,456 

11196          8i96 

1882 

3,166,731 

4,391,608 

120f               8f 

It  will  ftirther  be  perceived,  from  the  former  table,  that  while  to 
increase  of  the  steel  ore  raised  in  Great  Britain  during  ten  yeaff 
amounts  to  only  25^  per  cent.,  that  on  the  importation  of  foreign  ores 
is  no  less  than  434|  per  cent. 

For  some  months  previous  to  the  autumn  of  1879,  the  demaD^ 
upon  the  two  kinds  of  pig  iron  was  so  nearly  balanced,  that  tbe 
difference  in  their  market  values  was  a  near  approximation  to  the 
difference  of  cost.  At  that  period  the  lowness  of  price  greatly  sdmii- 
lated  the  demand  for  steel  rails;  which  was  followed  temporarily  bj* 
considerable  and  disproportionate  rise  in  the  selling  rates  of  hematite 
pig  iron,  as  compared  with  other  descriptions  of  the  crude  metal  Tie 
following  figures  exhibit  the  extraordinary  change,  in  both  directioiu» 
which  a  few  months  wrought  in  the  values  both  of  raw  materials  and 
finished  products. 

'  Mineral  Statistics,  by  Robert  Hunt,  F.R.S.     Imported  ore  indndfif  bQ>ii^ 
cupreous  pyrites. 

'  Report  of  Iron  Trade  Association. 
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£  a. 
1  12 
2  7 
4  10 


Juk 
dS    B.    d. 

3    16 
6    2    6 

9  10    0 


£     •.  it 

16  0 

12  6 

7  6 


0  12    6 

18    6 

0  17 

0 

0  17    0 

16    0 

0  18 

6 

0  10    6 

0  19    0 

0  12 

0 

042       0    49       0    44 


of  Oeveland  No^  3  pig  lit  works 
Hematite  pig  ., 

Steel  rails  „ 

I  i»w  iDateria1« — 

icd  ore  delivered  at  hematite  f  iirnacc«» 
in  Cumberland  and  Lancashire,  &2 
per  cent,  of  iron 
bke  delivered  at  hematite  foroaces    .., 


mnfltone  delivered  at  Cleveland  fur- 
jtBces,  31  per  cent,  of  Iron 

infl,  at  the  beginumg  of  1880,  we  seemed  to  be  approaching  the 
Ml  of  haviDg  a  cheaper  system  of  manipulation,  affordiog  for 
1868  a  superior  article,  but  threatened,  as  is  illustrated  by  the 
1  values,  with  a  deficiency  of  the  necessary  raw  material.  This 
fate  which  will,  in  the  absence  of  new  discoveries  of  pure  ore, 
istionably  overtake  us,  and  indeed  the  rest  of  the  world  as  well, 
I  wc  can  extend  the  area  of  our  supplies,  by  some  mode  of  im- 
Ig  the  iron  hitherto  found  useless  for  steel  making  purposes. 
I  have  seen,  the  obstacle  to  the  use  of  certaiii  varieties  of  pig 
3r  steel  making  is  the  presence  of  too  large  a  quantity  of  phos- 
B.  Sulphur  no  doubt  is  also  highly  objectionable,  but  it  is  usually 
it  in  very  small  quantities.  It  is  however  impossible  to  consider 
imination  of  either  of  these  substances  without  studying  the 
iour  of  the  other  two  metalloids  always  found  in  pig  iron,  viz., 
I  and  silicon. 

ference  has  been  made  at  some  length,  in  a  previous  section,  to 
i  modes  of  ridding  Cleveland  pig  iron  of  the  four  metalloids 
ferred  to*  These  are  summarised  in  the  table  given  below.  In 
rbon  column,  the  separation  of  this  element  is  dealt  with  as 
t^omplete  at  every  stage,  except  that  of  refining ;  because  in  the 
f  although  rarely  entirely  absent,  its  presence  is  no  longer  either 
iry  or  hurtful.  In  the  other  columns  an  average  effect  is  repre- 
k  Following  these  are  figures  setting  forth  the  change  produced 
wing  the  purer  Bessemer  pig  in  the  converter, 
is,  perhaps,  superfluous  to  mention,  that  with  the  great  varia^ 
the  composition  of  the  products  of  the  different  processes,  it 


888  SECTION  XIY.— BISCENT  METHODS  OF  SEPABATDm 

18  impossible  to  present  the  infonnatioii  intended  in  a  tc 
defined  form.  The  table  must  therefore  be  considered  as  a  o 
tive  one,  constructed  from  different  sources  in  my  posseasicm. 

OartMo.     aOiooa.    Snlpliiir.   I 


Cleveland  pig  oontaing,  say        

8*50 

176 

•16 

„      when  refined  „           

2*50 

•091 

•11    -60 

may  contain      

NU 

•19 

•01 

„      hand  pnddled  with  oxide  of  iron 

NU 

•150 

•Oil 

„      mechanically  paddled  with  ex- 

cess of  oxide  of  iron     . . . 

Nil 

•109 

•082   IC 

Bessemer  pig  contuns 

410 

2-50 

•oeo 

„            when  blown  in  converter 

contains            

•10 

•03 

•04 

The  apparent  increase  of  phosphorus  in  the  last  line  is  du( 
diminished  weight  of  the  product,  which  still  contains  th( 
quantity  of  this  element  originally  charged  into  the  converter. 

It  may  be  convenient  at  this  period  to  consult  a  series  of  d 
which  have  been  constructed,  for  the  purpose  of  exhibiting  tl 
required  for  expelling  the  four  metalloids,  as  well  as  the  e: 
which  such  expulsion  is  usually  carried.  In  all  cases  excepting 
of  the  Bessemer  Acid  process,  so  named  by  Prof,  von  Tunnei 
tinguish  it  from  the  Basic,  it  will  be  considered  that  the  iron  si 
to  treatment  is  that  of  Cleveland,  containing,  say,  carbon  I 
cent.,  silicon  1*75  per  cent.,  sulphur  -15  per  cent.,  phosphoi 
per  cent.  The  sulphur  in  all  cases  is  omitted  from  the  di 
partly  owing  to  its  smallness  in  quantity  and  the  uncertainty  t 
extent  of  its  separation,  and  partly  to  avoid  complication  in  tl 
ings.  In  every  instance  it  will  be  perceived  that  it  is  the 
which  disappears  most  speedily,  next  follows  the  phosphorus 
in  the  case  of  blowing  in  the  Bessemer  converter,  whether 
Basic ;  and  lastly  comes  the  carbon,  which  holds  fast  the  loi 
the  iron,  except  in  the  case  of  the  so-called  Basic  treatmeni 
applied  to  the  Bessemer  process.* 

The  real  diflBculty,  which  besets  the  question  of  an  indisci 
use  of  pig  iron  for  steel  purposes,  being  that  of  phosphorus,  i 

*  In  fignre  No.  6 — Hand-Paddling— it  would  appear  that  the  phosphc 
first  to  be  affected,  but  this  is  believed  to  be  an  exceptional  case. 


20 


25  IMillj 


/  .- 


0 


4i 
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DQTenient  to  address  onrselTes  more  particularly  to  the  conditions 

ifhich  influence  the  behaviour  of  that  element  in  the  different  modes 

treatment  just  enumerated*     In  theae  different  processes,  we  may 

the  percentage  of  phosphoruB  expelled  from  Cleveland  pig,  ori* 

ilj  containing  from  1*5  to  1-75  per  cent»,  to  be  as  follows: — 


In  the  BesieiDer  ooaverter — Acid  process — prftcticaUy 

„      Refinery 

,1       Puddling  fnmace,  ordinary  treatment 

„  *,  (Danks')  with  ejLcess  of  ore 


Nil 
50 
80 
90 


Now  the  conditions  which  produce  Bach  different  results,  as  regards 
be  phosphorusj  are: — 

1. — ^The  duration  of  the  openifcion; 

2, — The  quality  of  the  atmosphere — reducing  or  oxidising — in 

which  it  is  carried  on; 
3* — The  composition  of  the  slag; 
4. — The  temperature  at  which  the  process  is  conducted. 

It  would  be  superfluous  to  dwell  at  any  length  on  the  fii-st  of  these 
bar  conditions,  because  there  is  not  a  very  marked  difference  between 
length  of  time  required  for  each;  hut  the  muin  reas<.>n  for  passing 
aickly  from  it  is  that  no  leugth  of  time,  as  will  be  shortly  seen, 
Sees  for  expelling  the  phosphorus  in  the  converter  as  originally 
worked,  while  in  the  other  processes,  the  previous  disappearance  of 
the  carbon  and  silicon,  by  depriving  the  metal  of  its  fluidity,  would 
prevent  any  farther  diminution  of  the  element  (phosphoras)  we  are 
specially  seeking  to  expel. 

Wc  may  now  pass  on  to  the  second  of  the  conditions  referred  to, 
TO.,  the  nature  of  the  gases  which  permeate  or  suiTound  the  metiil,  as 
it  ia  exj)06ed  to  the  different  modes  of  treatment  wc  are  considering. 
The  composition  of  the  atmosphere,  in  the  procesfies  of  refining 
ad  paddling,  has  already  been  shown  to  be  one  of  a  strongly  oxi- 
lising  character.  As  regards  that  of  the  converter,  we  possess  some 
try  valuable  information,  for  which  we  are  indebted  to  Mr.  Snelos. 
Ir.  Tamm  has  also  published  a  series  of  analyses  of  the  gases  given 
■  daring  the  blowing  of  a  Bessemer  chai'ge. 
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According  to  the  Erst  of  these  authorities,  the  following  was  the 
composition  by  volume  of  the  gases  taken  at  various  periods  of  a 
«blow/* 


Time  after  itartiag  . 
Free  oxjgea 
Corbomc  acid 
Carbonic  oxide 
Hydrogen,,, 
Nitrogen   ... 


3  mill,  4  mln.  6  mln.  10  mixu    12  miii.    U  min.  IS  miiL 

92  —  —  —            —         —  — 

10'71  8-69  8-20  3*58      2*30      lU  - 

—  3-95  4*52  19-6©    2980    31*11  — 

—  -88  2^00  2D0      216      2-00  — 
88*3^  86*58  85-28  74*83    66*24    65*55  — 


100*      100*      100-       100-       100-      100-      blowcompbtci  ] 

The  rate  of  absorption  of  the  oxy^n  by  the  silicon,  etc.,  is  easily 
calculated  by  taking  the  quantity  originally  accompanying  the  nitrogen 
io  the  gases,  and  deducting  from  it  the  quantity  still  remaining*  The 
volomes  of  atmoflpheric  oxygen  corrospondiug  with  the  nitrogen,  re- 
garding the  blast  as  dry,  were  as  follows : — 


Time  Kftor  Biazting 

9iian. 

4  miu. 

6  min, 

10  oitn. 

U  mitL 

Hniio. 

Vokmei  of  oxygen  blown 

into  converter... 

23*21 

2274 

22*39 

10-65 

17*39 

17-21 

,»          in  gasee 

1163 

10-57 

10-46 

13*38 

16-95 

16^89 

mfference,  vols,  absorbed    11*58      12*17      11*93        6*27 


*44 


It  will  thus  be  observed  that  the  gaseous  current  passing  through 
the  converter  is  of  a  very  varying  character,  possessing  at  the  oom*j 
menoementy  from  the  carbonic  acid  it  contains  a  powerfully  oxidiflin^  ] 
natare,  after  which  it  is  gradually  converted  from  the  excess  of  ci^j 
bonic  oxide  into  one  having  the  very  oppc^te  tendency.  In  iIluBtrBtiaii  I 
of  this,  I  have  divided  the  analyses  as  given  by  Mr.  Snelus  and  Mr. 
Tamm  into  three  periods,  corresponding  with  t!iree  difFereiit  stages  of  I 
the  blow ;  and  have  estimated  the  percentage  of  oxidising  and  redudng  j 
gases  to  be  as  follows : — 


OzidiBiiig 


Mr.  .Siiclna'  analyses,  Ist  perifjd 
„  2nd  period 

^  3rd  period 

Average   ,.. 


Vols. 

Vola, 

80-8 

19*2 

29*5 

70*3 

5-3 

947 

88*5 

61*5 

Vok. 
100 

100 
100 

100 
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. 

Vota, 

Eeduoios 
Gm. 
Vol* 

Vo1#, 

93-0 

70 

- 

100 

„                2nd  period     . 

223 

77-5 

- 

100 

„                3nl  period     , 

16'4 

B3'6 

_ 

im 

^K                     Average 

44-0 

se-o 

100 

From  the  quantity  of  oxygen  absorbed  and  the  smallneBs  of  the 
jnoant  of  carbon  in  the  gases,  it  is  obvious  that  it  is  the  silioon,  not 
he  carbon  which  is  at  first  chiefly  oxidised^ — an  iuferenoe  which  is 
toniirmed  by  the  analyses  of  the  metal  itself*  Omitting  fractions, 
lb*  Snelus  estimates  the  relative  amounts  of  silicon  and  carbon  oxi- 
liaed  to  be  as  follows : — 


Time  »ftcr  blowing 

flmln. 

4mlD. 

emiu 

10  Luin. 

13mla. 

14  ml 

Kccm 

73 

70 

m 

40 

4 

3 

utei 

27 

30 

31 

60 

96 

97 

I  alteration  in  the  composition  of  the  gases  is  an  indication  that 
he  outset  a  large  prop>ortion  of  the  oxygen  is  retained  by  the  bath 
if  metal,  i.e.,  is  taken  up  by  the  silioon,  by  the  manganese,  if  any, 
Liid  by  the  iron  itself.  The  action  on  the  silicon  falls  off  rapidly 
uwards  the  end  of  the  operation^  owing  to  its  exhanstion  from  the 
Ton ;  the  manganese  follows ;  but  the  iron  would  continue  to  Le  oxi- 
Used,  were  the  operatiun  unduly  prolonged^  as  long  as  there  is  heat 
ncpgh  to  enable  the  oxygen  to  act  on  it.  The  correctness  of  these 
^■TB  is  manifested  in  a  series  of  analyses  by  Prof.  Kupelwieser,  of 
^Bples  from  the  blowing  of  the  manganiferons  pig  iron  of  Styria. 
Bb  last  column  contiiins  the  particulars  l>efore  adding  the  spiegel  at 
k  end  of  the  blow. 


» 

flflroiu 

Irt  Period. 
MeUI  after 

2nd  Period. 

End  or 
KlJtdllUon. 

3rd  Period. 
End  of 
Blow. 

tomiiliitc 

3480 

— 

— 

— 

C<>inl»itte<l  carboTi 

750 

2'WJ5 

•949 

KB7 

-eUicoH    , 

1'9S0 

•443 

113 

•028 

flttlphur 

'018 

trace 

trace 

truce 

PLoapbonw 

•040 

*040 

^046 

1*45 

Copi^tT 

'085 

•091 

'095 

'120 

Hang»iic«»j 

8'400 

1-645 
4B84 

'429 

■lis 

9-493 

1*630 

•398 

IfOU 

90-507 

96-316 

98-370 

90607 

■ 

100- 

100- 

loo- 

lOO* 

892 
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Cknxefponding  BlasB. 

Blaitt 
Famaoe. 

1st  Period 
Oonvorter. 

»<t  Period 
Ooa?erter. 

MPed 
Oomert 

SUica 

40^5 

46-78 

5176 

4875 

AInminft 

870 

4-65 

2-98 

2«) 

Lime 

30-86 

2-98 

1-76 

119 

Magnesia         

16-32 

1^58 

45 

•62 

Potash  and  soda 

'82 

trace 

trace 

tnoe 

Solphnr           

•84 

•04 

trace 

tnoe 

Phosphorus     

•01 

•08 

•02 

•01 

Protoxide  of  manganese 

2-18 

87-00 

87-90 

82-28 

>f       iron 

•60 

6-78 

6-50 

16-88 

9977 


9979 


100-86 


100-86 


As  regards  the  matter  of  atmosphere  in  the  Gonyerter,  the  o(»npo- 
sitioiiy  according  to  Mr.  Snelos'  analyses,  four  minutes  before  the  end 
of  a  Bessemer  blow,  was  as  indicated  below.  Above  this  is  placed  the 
mean  of  two  recent  examinations  of  the  gas  at  the  tuyeres  of  one  of 
the  Clarence  furnaces ;  by  which  it  will  be  seen  that  the  redndng 
power  in  the  converter  is  somewhat  superior  to  that  of  the  heuih  of  a 
blast  furnace. 


Clarence  gas  above  tuyeres... 

Bessemer  gas  f onr  min.  before 

end  of  the  blow 


Garb.  Add.  Carb.  Oxide.    Hjdrogeik.     Kltrofen. 
perlOOvoL    perlOOvoL    perlOOvoL    perlOOvoL 


1-90 


8918 


1-97 


56-95  -  100 


1-84  8111  200  65-55  -  100* 

Notwithstanding  the  energetic  reducing  power  of  the  gases,  evai 
towards  the  close  of  the  Bessemer  process,  as  exhibited  by  the  above 
figures,  the  iron  appears  to  continue  to  suffer  oxidation  to  the  last 
It  will  however  be  remembered  that,  even  in  the  case  of  the  blast 
ftimace  itself,  perfect  reduction  of  all  the  oxide  of  iron  is  never  aooom- 
plisbed,  and  this  was  ascribed  to  the  dissociation  of  carbonic  oxide, 
setting  up  a  condition  of  static  equilibrium,  in  which  a  sub-oxide  of 
iron  was  a  necessary  accompaniment.  There  is  perhaps  no  reason  ion 
doubting  the  splitting  up  of  carbonic  oxide  in  the  converter,  it  seems 
therefore  very  possible  that  the  oxidation  of  iron  may  proceed  from 
the  same  cause.    Of  course,  as  the  carbon  in  the  pig  iron  is  removed, 

*  The  reducing  power  is  determined  by  the  relation  of  carbonic  oxide  and  hjdrogca 

88^11 
to  carbonic  acid.    Bessemer  contains  83-11  CO  +  H  to  1*84  CO,,  then  -y^i  ' 

247;    Clarence  blast  furnace  gas  contains  41-16  CO  +  H  to  1-90  CO,,  then 

-y^  —  21*6.    It  must  be  observed  however  that  at  the  point  of  entry  the  IW 

possesses  an  oxidising  character,  and  that  this  continues  until  it  becomes  satunt^d 

with  carbon  derived  from  the  bath  of  iron. 
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.  gases  cease  being  generated,  and  we  have  atmospheric  oxygen 
pasfting  into  the  bath  of  iron.  It  is  then,  I  presume^  that  the  pheno- 
menon known  as  overblowing  commences.  The  oxygen,  having  no 
other  base  to  seize  on,  concentrates  its  action  on  the  iron,  which  it 
rapidJj  oxidises;  and  p^irtly  est?Hpe8  in  the  form  of  the  brown  smoke 
80  characteristic  of  the  termination  of  the  operation,  particularly  when 
it  is  contineed  very  long,  as  oocasionally  happens  in  dealing  with  cer- 
tain qualities  of  pig  iron* 
I  This  comparison  of  the  Bessemer  converter  with  the  hearth  of  the 

HUast  ftirnace  leads  ns  naturally  to  a  consideration  of  the  slags  pro- 
^Bnced  in  each  case. 

V      The  ability  of  silica  at  high  temperatures  ttj  expel  even  the  most 

powerful  acids,  such  as  sulphuric,  is  well  known.    Glass  makers  avail 

^^emselves  of  this  property ;  for  instead  of  using  pure  soda  they  employ 

Pftiat  alkali  in  its  cheaper  form  of  sulphate,  leuving  the  sulphuric  mud  to 

be  driven  off  by  the  silica  in  the  glass.     Now  it  hap|>en8  tliat  the  slags 

produced  at  blast  furnaces  making  Bessemer  pig  contain  about  41  per 

cent,  of  silica;  and  the  slag  from  the  converter  at  the  end  of  the  blow 

just  quoted  contained  46'75  per  cent,  of  this  substance,  and  it  often 

greatly  exceeds  this.     Hence  even  admitting  that  the  gases  flowing 

through  the  cc»uvertcr  are  possessed  of  as  intense  a  reducing  power  as 

that  of  the  blast  furnace,  which  is  perhaps  not  always  the  case,  this 

gas  being  accompanied  by  a  more  silicioas  slag  than  is  obtained  in 

■UDelting  pig,  forbids  all  possibility  of  phosphorus  being  acidified  and 

^%e}>arated  in  the  Bessemer  process,  sis  tliat  process  is  described  by  the 

inventijr  himself,  and  now  often  distingniBhed  by  the  prefix  of  acid. 

ThiB  inference  is  of  course  based  on  the  experience  taught  us  by  the 

blast  furnace,  when  practically  under  almost  precisely  similar  circum- 

^atanoes  as  those  attending  the  converter,  all  the  phosphorus  is  retained 

Uk  the  metal. 

"       It  often  happens  that  the  silica  is  found  in  Bessemer  slags  of  a 
^^nantity  greatly  exceeding  that  mentioned  in  connction  with  blowing 
^Btyrian  iron.     This  of  course  adds  to  the  difiScnlty  of  acidifying  and 
^■emoving  the  phosphorus.    The  foOowing  are  three  such  examples, 
^which  represent  the  ccimposition,  as  determined  in  the  Clarence  labo- 
ratory, of  three  specimens  from  a  Sheffield  manuJactory,  using  the 
ordinary  West  iif  England  hematite  iron.    The  foiu-th  sj^ecimen,  kindly 
sent  me  by  Mr.  Menelaus,  is  one  Irom  the  Dowlais  works,  and  was 
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analysed  in  the  laboratory  of  that  establishment.  Alongmde  of  it, 
Nos.  5  and  6  are  analyses  of  slags  from  a  Cleveland  and  a  Wert 
Yorkshire  furnace. 


Bema 

mer. 

Bovlte 

Silica     ... 

81*32 

7812 

3. 
80-84 

4.                       fi. 
6410            30-84 

1^ 
37-80 

Alumina 



3-62 

1-79 

3-40 

10-48            25-71 

17-68 

Lime 



1*42 

415 

1-32 

—             34-03 

3(«6 

Magnesia 

... 

— 

% 

— 

—               6-92 

7-96 

Phosphorus 

...        ... 

trace 

trace 

trace 

•02                15 

taoe 

Protoxide  of 

iron 

7-66 

919 

8-36 

18-90               -23 

•58 

Peroxide 

M 

— 

— 

— 

4-60  SaUkhnr  1-82 

2-06 

Protoxide  of 

manganese 

5-85 

6-81 

604 

1-25                -26 

3-88 

Potash  and  soda 

— 

— 

— 

—                1-30 

— 

99-86    100-06      99-96      9935 


101-26        99-82 


I  believe  M.  Griiner,  of  Paris,  was  one  of  the  earliest,  if  indeed 
he  was  not  the  first,  to  point  out  that  it  was  the  excessive  amount  of 
silica  in  the  Bessemer  slags  which  prevented  the  basic  matter  they 
contain  from  combining  with  phosphoric  acid. 

So  far  as  the  slags  are  concerned,  the  essential  difference  between 
those  formed  when  phosphorus  is  separated — ^viz.,  in  refining  and 
puddling — ^and  those  formed  in  the  Bessemer  process,  is  in  the  content 
of  silica  and  oxide  of  iron.  In  the  converter  the  quantity  of  silicic 
acid  is  usually  much  larger,  and  that  of  oxide  of  iron  much  smaller^ 
than  in  the  refining  and  puddling  ftimace. 

For  the  purpose  of  contrasting  the  differences  in  question  the 
foUowing  analyses  are  appended  : — 


Reflinery  Cinders  from  Running 

out  Fire  :— 

Clarenoelron. 

Bowling. 

DowUif. 

Silica        

26-41 

31-05 

33-38 

Alumina 

2-47 

4-37 

5-76 

Lime         

2-20 

1-56 

1-19 

Magnesia 

•24 

•85 

•60 

Protoxide  of  iron 

57-85 

43-90 

5511 

Peroxide  of  iron 

2-57 

10-08 

— 

Protoxide  of  manganese .. 

3-90 

5-90 

271 

Sulphur 

•05 

•032 

•17 

Phosplioric  acid 

414 

2-79 

2-26 

99-83 

100-582 

101-02 

Iron  present 

42-28 

4119 

42-86 
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It  must  be  observed  that  the  composition  of  the  final  cinder  doea 
^represent  that  of  the  cinder  always  added  during  the   prooess, 
the  content  of  silica  in  the  cinder  added  was  only  16  per  cent,  in 
!  of  the  Clarence  example,  bo  that  at  the  period  when  the  phos- 
waB  carried  off  into  the  slag  the  content  of  silica  in  the  latter 
ronld  pix)bably  be  much  less  than  26*41  per  cent. 


FmddUng  Furnace  Cindtr,-^ 


Hkod  PuddUiog.    Dftuki'  FVunftCftr 


SilicA      

1653 

14*17 

AJumiim            «.. 

1^ 

176 

ijlQI0         «**            *«(            ,,, 

•70 

•26 

Migne«i»                     

— 

•42 

•  Protoxide  of  iron          

6e*23 

Sfi'U 

Peroxide  of  iron 

— 

20iH 

Peroicide  of  mttnganese 

4-90 

1-21 

Phosphoric  acid            

380 

1'20 

Sulphur,.          ...        

2*48 

*33 

Iron  combined  with  sulphur  ... 

4*32 

— 

1 

100- 

99*42 

Iron  present      

66*83 

60-65 

The  smaU  amonnt  of  siHca  present  in  both  .these  slags  and  their 
extreme  richness  in  oxide  of  iron,  i-ender  them  w*ell  fitted  for  removing 
bhe  metalloids  associated  with  iron  in  the  crude  metal.  Nevertheless 
in  ordinary  practice  it  is  by  no  means  an  uncommon  thin^  to  find»  with 
Iron  made  from  Cleveland  pig  metal,  25  per  cent,  of  the  original  phos- 
fihoras  left  in  the  bar.  For  superior  purposes  the  content  of  phosphorus 
*s  often  rednoed  to  as  low  as  10  per  cent,  of  its  original  quantity;  but 
then  as  much  as  40  per  cent,  of  the  weight  of  the  pig  of  very  rich 
'Vfttling  is  used,  containing  above  60  per  cent,  of  iron  in  the  form  of 
t»eroxide.  In  the  Danks  furnace  Messrs.  Hopkins,  Clilkes,  and  Co, 
ptpployed  sometimes  as  much  as  80  per  cent,  of  fettling,  consisting  of 
^fc  oxides,  which  enabled  them  to  bringdown  the  phosphorus  to  about 
^Wper  cent,  in  the  finislied  bar,  say  from  rs  to  I'T  percent,  in  the  pig. 

Having  regard  then  to  the  value  of  oxide  of  iron  as  a  dephos- 
Phoriaer,  I  endeavoured  in  1875  to  remedy  its  absence  in  the  Bessemer 
inverter  by  the  addition  of  fused  oxide  of  iron  to  a  charge  of  metal 
commencing  the  blow.    The  action  however  was  so  violent 
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that  much  of  the  iron  was  projected  out  of  the  yesaeL  A  aeooDd 
attempt  was  made  in  the  same  direction  by  continuing  the  blast  until 
a  large  quantity  of  the  iron  itself^  nearly  25  per  oent.«  was  oxidised. 
The  fused  oxide  however  acted  so  strongly  on  the  silidous  lining  of 
the  converter,  that  I  did  not  continue  the  experiment  beyond  a  poim 
where  the  silica  in  the  cinder  had  &llen  to  about  46  per  cent.  It  bad 
the  following  composition  :— 


Silica 

45*38 

Alomina 

•61 

Lime 

1-40 

2-92 

Protoxide  of  iron 

4719 

Peroxide  of  iron 

2-86 

100-26 

38*70  of  metallio  iron. 


Carbon.         SUiooo.        Solplnir.    Fbovhom- 
The  iron  (Cleveland),  as  it  flowed 

into  the  converter  contained  ...        3*13  1*87  '12  1*38 
The  hlown  metal,  which  was  per- 
fectly liquid,  contained   nU              *32            "OS  1*66 

Up  to  the  present  point  of  our  examination  of  the  conditiiNia 
which  affect  the  separation  of  phosphorus  from  pig  iron,  no  acoonnt 
has  been  taken  of  the  temperature  at  which  the  processes  are  carried 
on.  It  has  been  unnecessary  to  do  so  because,  irrespective  of  intensitj 
of  heat,  the  difference  between  the  composition  of  the  slags  and  of 
the  gases  which  permeate  the  metal  may  be  the  cause  of  the  refining 
and  puddling  processes  removing  a  large  prpportion  of  the  phosphonit» 
while  in  the  Bessemer  converter  this  element  remains  almost  entirelj 
unaffected.  The  similarity  of  results  between  the  blast  furnace  and 
the  converter,  in  respect  to  the  behaviour  of  phosphorus,  I  am  supposing 
B&  possibly  due  to  certain  conditions  being  common  to  the  two  prooefisea^ 
viz.,  composition  of  gases  and  constitution  of  slags.  Still  I  wooU 
have  it  borne  in  mind  that  in  the  three  processes  in  question  we  find 
that  the  quantity  of  phosphorus  passing  into  the  cinder  does  correspond 
inversely  with  the  temperature. 

Percentage  of  Phosphontt  separated : — 

In  the  Benemer  Prooeas.  In  BeAtdng.  In  Paddling. 

PracticaUy  nil  50  90 
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In  the  year  1877^  I  communicated  to  a  meeting  of  the  Iron  and 
iteel  Institute  an  opinion  I  had  been  led  to  entertain,  as  to  the  possible 

nence  of  temperature  in  modifying  the  removal  of  phofiphorus  frora 

1  by  oride  of  iron.  I  am  aware  that  it  is  believed  by  many  that 
[  of  temperature  being  a  factor  of  any  vahie  in  the  operation,  it 

he  differences  in  the  amount  of  silicMi,  contained  in  the  bath  of  oxide 
rf  iron  by  which  it  is  sought  to  acidify  the  pfiosphonia,  w^hich  alone 
^kence  the  separation  ol  this  snbstanoe. 

The  power  of  siHcs*  to  neutralise  oxide  of  irtm,  and  prevent  the 
JbBOrption  of  phosphoric  acid,  cannot  be  doubted,  as  I  shall  presently 
lemonstrate;  but  I  am  not  disposed  to  acquiesce  in  the  opinion  that 
^kperature  may  be  wholly  disret^arded, 

Mr.  Pourcel,  in  an  admirable  paper  read  before  the  Institute  in 
1879*  appears  to  agree  with  me  in  setting  down  temperattirc  tis  an 
element  which  does  materially  affect  the  interchange  in  question. 

On  the  other  hand,  according  to  my  distinguished  friend  Professor 
jriiner,  when  silica  is  present  to  the  extent  of  30  per  cent,  in  the  slag, 
j^OBphoric  acid  is  unable  to  combine  with  oxide  of  iron;  and  I  have 
Bpiered  from  the  general  tenor  of  his  remarks  that  he  attaches  little 
^Lny  importance  to  differences  of  temperature,  as  affecting  the 
^pration  of  phoaphorus. 

Phosphoric  acid  we  know  is  volatile  at  high  temperatures;  and 
aking  advantage  of  this  the  following  experiments  were  j^>erfoTnied 
n  the  Clarence  Laboratory,  to  ascertain  the  power  of  silica  to  expel 
bis  add.  A  quantity  of  phosphate  of  iron  (Fe  0»  Pj  Ob  containing 
t6'77  P^  Oft)  was  prepared,  mixed  with  half  its  weight  of  silica,  and 
^|t  in  a  state  of  semi -fusion  at  a  bright  red  heat  for  five  houre;  at 
Bend  of  that  time  4*2  per  cent,  of  the  phosphorus  it  had  contained 
iad  disappeared.  The  fused  maaa  was  then  cooled,  finely  pounded, 
||d  exposed  for  two  houre  to  a  temperature  sufficient  to  melt  malleable 
Hi.  The  loss  of  phosphorus  at  the  end  of  this  time,  estimated  on 
■Driginal  quantity,  was  equal  to  17*6  per  cent. 

The  slowness  and  the  limited  extent  to  which  this  evaporation 
4ikc8  place  would,  under  any  circumstances,  piBvent  this  property  of 
phone  acid  being  practically  available  in  any  of  the  processes  we 
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are  oonsidermg;  besides  the  presence  of  metallic  iron  would  deoxidiie 
the  acid  and  thus  permit  its  reabsorption  by  a  second  portion  of  the 
metal. 

The  diagrams  given  in  a  previous  page,  having  been  oonBfcmotel 
to  exhibit  the  percentages  of  the  original  amounts  of  carbon^  silicon,  and 
phosphorus,  which  are  removed  at  different  periods  of  the  variooi 
operations,  do  not  set  forth  the  actual  quantities  of  each  metalloid 
separated  at  any  particular  time.  A  table  in  consequence  is  gi?ei 
below  which  contains  the  weights  of  eadi  of  the  three  substances  wiiiok 
were  oxidised  at  the  end  of  seven  minutes  from  the  commencement 
Seven  minutes  was  the  period  selected  because  in  one  case,  that  of  die 
exposure  of  the  melted  iron  with  oxide  of  iron,  aU  the  silicon  had  then 
disappeared  from  the  iron. 

The  pig  iron  employed  was  Cleveland  and  hematite,  and  may  be 
considered  as  having  the  following  composition: — 

Bllioffn.  Caffboo.  thotskunL 

Cleveland      1-76  3-50  1-66 

Hematite       1*75  3*60  -06 

The  units  of  metalloids  removed  and  remaining  were  as  follows:^ 

Silioonaad 
Silicon       Carbon  Carbon  Fhovhom. 


BemoTed.  Bemored. 

PurifyingprocesgjClevelandpig^   176  -35  3-15  1-47  "08 

Mechanical  puddling          „          1*68  -28  3*29  -85  *70 

Basic  Bessemer  process      „          1*54  *31  3*40  1*50  "06 

Refinery                              ^          1*22  15  3*88  -20  1-86 
Add  Bessemer  process,  hematite 

pig     -91  1*12  3*22  -00  HW 

Hand  paddling,  Cleveland  pig     *70  *78  3*77  *96  "69 

As  has  been  already  intimated  in  these  pageSy  an  essential  oondition 
for  effecting  the  acidification  and  removal  of  phosphorus  is  that  the 
iron  containing  it  should  preserve  the  liquid  state.  Now  the  fusibfllit? 
of  iron  being  aided  by  the  presence  of  silicon  or  carbon,  or  by  boll 
together,  the  approach  to  uniformity  in  the  united  quantity  of  theft 
two  metalloids,  still  remaining  combined  with  the  metal,  may  be 
accepted  as  an  evidence  of  the  mass  still  remaining  fluid  at  the  expiij 
of  the  seven  minutes. 

^  This  process  wiU  be  afterwards  described. 


I 
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The  manner  in  which  eilioon  interferes  with,  or  entirely  prevents  the 
emoval  of  phosphorus  may  be  siipfjosed  to  be  aa  follows: — 

In  the  Bessemer  converter  we  know  that  silicon  is  the  first  of  the 
aetalloids  which  undergoes  oxidation.  Let  us  imagine  that  it  were  pOB- 
ible  for  fidlioon  and  phosphorua,  in  the  case  of  hematite  iron,  to  be  abnoet 
imaltaneously  acidified,  aa  indeed  it  will  be  seen  in  the  diagrams  is  the 
H^  in  some  other  of  the  processes ;  then  we  should  have  each  unit  of 
AiooD  giving  2  "14  units  of  silica,  while  each  unit  of  phosphorus  afforded 
S'29  units  of  phosphoric  acid.  Hematite  iron  however  contains  generally 
ifty  times  as  much  sihcoo  as  it  does  of  phosphorus;  so  that  the  geeera- 
jon  of  2*29  units  of  phosphoric  add  would  be  accompanied  by  the 
brmation  of  (2-14  x  50)  107*  of  silicic  acii 

CJoncnrrent  with  this  acidification  of  Si  and  P,  manganese,  or  in 
^■bBenoe,  Fe  may  be  oxidised  in  sufficient  quantity  to  combine  with 
Se  acids  (Si  Oa  and  PaO^,)  thus  formed.  The  composition  of  the 
resulting  salts  is  probably  detennined  by  the  temperature  of  the  bath 
:>f  iron,  and  they  may  be  regarded  as  the  most  stable  compounds 
Emder  the  existing  conditions«-probably  (Fe  0)^  PiOg  and  (Fe  0), 
31  0^ — the  latter  containing  29*4  per  cent,  of  Si  Oj,  and  corres- 
ponding nearly  with  refinery  cinder.  Such  a  cinder  may  be  regarded 
EMS  the  result  of  the  reaction  between  pig  ircn  and  air  without  much 
admixtttre  of  foreign  matter.  This  primary  slag  may  be  looked  upon 
m  a  neutral  silico-phosphate  with  a  large  preponderance  of  silica 
in  relation  to  phosphoric  acid.  This  silico-phosphate  of  iron  is 
exposed ^  in  the  heated  converter,  to  the  action  of  an  excess  of  fused 
Bihca,  derived  irom  the  sides  of  the  vessel  itself.  The  result  of  the 
experiment,  already  described,  entitles  us  to  infer  that  a  fiortion  of  the 
oxidised  phosphorus  may  probably  be  volatilized.     In  this  event  it  is 

Ey  certain  that  the  phosphorus  thus  vapourised  would  be  retrans- 
}  to  the  metallic  poiiion  of  the  bath. 

In  practise  therefore  not  even  incipient  oxidation  or  vapourization 
Of  phosphoruB  la  perceptible :  there  is  a  great  excess  of  8i  Oa  in  the 
dag,  Irom  the  very  beginning  of  the  oxidation  and  throughout  the 
^jitire  "blow,"  above  that  contained  in  the  neutral  silicate  (see 
^Bysis,  p.  SD2).  Tlie  libemted  oxidised  phosphorus  is  consequently 
^morbed,  in  other  words,  none  is  finally  separated, 
^KTbis  sufiposed  check  to  the  formation  of  phosphate  of  iron  just 
^Bribed  would  of  course  cease  within  the  l^ath  the  moment  all  the 
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silicon  was  removed.  We  may  then  imagine  a  moderate  amoimt  of 
iron  (and  the  analyses  of  the  Bessemer  slags  prove  that  it  nerer 
exceeds  a  moderate  amount)  to  be  oxidised,  and  that  the  oxide  of  iron 
so  formed  might  acidify  phosphorus  with  the  formation  of  phosphate 
of  iron.  The  phosphate  thus  formed  would,  however,  rise  to  the 
surface  and  coming  in  contact  with  a  highly  siliceous  cinder,  oon- 
taining  sometimes  as  much  as  60  and  up  to  80  per  cent,  of  taJic^ 
would  probably  suffer  instantaneous  decomposition.  Phosphoric  add 
would  be  set  free,  and  the  phosphorus  would  be  immediately  seised  bj 
and  returned  to  the  metallic  iron,  from  which  it  had  been  just  previonslj 
separated. 

M.  Griiner  assigns  80  per  cent,  of  silica  in  the  slags,  as  the 
quantity  sufficing  to  prevent  the  removal  of  phosphorus,  or,  as  I 
have  just  put  it,  in  some  cases,  to  ensure  its  return,  if  ever  removed, 
to  the  iron.  On  referring  to  my  own  experiments  I  must  admit  that  in 
no  case  where  there  was  any  notable  separation  of  phosphorus  did  the 
silica  in  the  slag  exceed  the  proportion  assigned  by  M.  Griiner  as  the 
limit. 

Whatever  may  be  the  truth  as  regards  phosphorus,  it  is  highlj 
probable  that  as  regards  the  other  metalloids  temperature  cannot  be 
disregarded.  For  the  purpose  of  examination  of  this  subject,  reference 
may  be  made  to  the  diagrams  Nos.  1  and  5,  which  refer  to  the  puiiiy- 
ing  and  Bessemer  (acid)  processes  respectively.  It  may  be  that  the 
silicon  is  more  rapidly  removed  in  No.  1 — the  purifying  procea- 
by  intimate  and  immediate  contact  with  a  large  quantity  of  oxygen, 
although  combined  with  iron  as  it  is,  in  the  oxide  used  in  the  operation. 
This  is  sufficient  for  the  oxidation  of  the  whole  of  the  silicon,  while  in 
the  Bessemer  converter  the  oxidation  can  only  proceed  as  the  oxygen 
is  supplied.  That  state  of  things  however  which  has  promoted  kk 
separation  of  silicon  and  has  permitted  the  separation  of  phosphorai» 
has  operated  in  a  contrary  direction  with  carbon,  for  while  '85  uniti 
only  have  been  driven  off  in  the  purifying  process  1'12  units  of  this 
substance  have  disappeared  in  the  converter.  No  other  explanation 
occurs  to  me  than  that  carbon  is  acted  on  more  readily  at  the  higher 
temperature  of  the  converter  than  it  is  at  the  more  moderate  one  in 
which  the  purifying  experiments  were  conducted. 

A  comparison  between  the  process  of  refining  and  that  of  puddling} 
(diagram  No.  2)  is  not  calculated  to  throw  much  light  on  the  question* 
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rhe  oocufiional  existence  of  peroxide  of  iron  in  the  cinder  of  the 
jwiddljiig  fhmaoe  would  iDdicat43  that  this  ojjeration  is,  aa  might  be 
sxpectody  of  a  more  strongly  oxidising  tendency  than  that  of  relioing. 


The  temperature  of  the  refinery  no  doubt  exceeds  that  of  the  puddling 
fumace,  but  it  is  probably  rather  the  excessive  quantity  of  siHca  in  the 
dbder  of  the  former  a^^ainst  the  highly  basic  character  of  the  latter, 
Ihan  any  difference  in  the  temperature  which  causes  the  iron  to  retain 
m  much  larjrer  a  proportion  of  its  original  phosphorus  than  is  found 
in  iron  puddled  from  pig  iron  direct. 

Notwithstanding  the  uncertainty  which  attaches  to  any  explanation 
t3f  the  phenomena  as  they  have  just  been  described,  it  eeemed  to  offer  a 
field  for  further  enquiry.  For  if  a  reduction  in  the  temperature  at 
which  the  iron  was  maintained  does  not  expedite  the  removal  of  the 
pboaphorns,  it  may  at  least  retard  the  oxidation  of  the  carbon.  This 
would  retain  the  metal  in  a  liquid  state  and  thus  afford  a  better  oppor- 
tunity of  dealing  with  the  phosphorus. 

In  order  to  pursue  this  subject,  means  were  taken  to  submit  pig 
iron  to  the  action  of  oxide  of  iron  at  a  much  lower  temperature  than 
that  at  which  either  puddling  or  refining  are  usually  carried  on.  To 
ensore  a  proper  measure  of  success,  it  is  absolutely  indispen sable  that 
inpid  contact  is  eflPected,  because,  failing  this,  the  metal  solidifies 
before  the  dephosphorizing  is  completed.  The  excellence  of  the  results 
obt^ed  in  this  so-called  Purifying  Process^  during  many  triaEs  made 
in  connection  with  this  eubjeci,  are  to  be  attributed  to  the  precautions 
which  have  been  taken  to  secure  this  necessary  condition. 

A  revolving  puddling  furnace,  water  jacketed,  had  a  longitudinal 
tnidge  formed  on  the  interior  cylinder,  so  that  when  the  lining  was  in 
its  place,  this  prominence  a)n8titutcd  a  kind  of  shelf.  By  reversing 
the  engine,  so  as  to  give  the  furnace  barrel  a  half  turn,  a  cascade  of 
iron  and  cinder  fell  continuously  over  the  shelf,  by  which  an  intimate 
and  rapid  mixture  of  the  two  fluids  was  secured. 

After  subjecting  ordinary  Cleveland  iron  to  this  treatment  for  five 
or  six  minutes,  the  whole  was  ran  out;  and  on  some  occasions — 

C*rbon  wta  found  only  reduced  to  tbe  extent  of    5  of  its  origiii&l  qniuititjr. 
While  Bilicon  bad  disappeared  to  the  extent  of      99  n  n 
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Ten  cwts.  of  iron  were  treated  on  each  operation,  witii  about  4 
cwts.  of  liquid  oxide.  The  furnace  was  kept  up  to  a  good  heat,  baft 
owing  to  the  weight  of  material  employed  the  temperature  was  inferior 
to  that  which  obtains  even  in  a  paddling  furnace.  Ko.  1  in  the  sens 
of  diagrams,  page  388,  gives  the  particulars  of  this  mode  of  remoyiog 
silicon  and  phosphorus,  which  I  have  already  designated  as  a  prooea 
of  Purification.  For  the  sake  of  greater  deamesSy  I  snbjoin  m 
figures,  taken  from  the  diagrams,  the  position  of  matters  in  eack 
process  after  six  minutes  had  elapsed^  b^inning  with  the  mdal 
(Cleveland)  in  a  state  of  fusion: — 

Peroentace  remored  in  six  mknitet  of       

Bessemer  converter — Basic      

Refinery 

Hand  paddling 

Mechanical  puddling  with  excess  of  oxide    ... 
Purifying  with  ahout  half  the  quantity  of 

oxide  used  in  mechanical  puddling         ...  5  99  95 

The  circumstance  of  the  mechanical  puddling  removing  the  sflioon 
as  quickly  as  the  purifying  process,  while  the  phosphorus  is  only 
eliminated  to  half  the  extent,  would  indicate  some  difference  beyond 
that  of  rapid  admixture,  inasmuch  as  there  is  a  considerable  Team' 
blance  in  the  mechanical  appliances  employed  in  both.  While  sug- 
gesting that  it  may  be  due  to  differences  of  temperature,  I  am  bound 
however  to  admit  that  more  extensive  experience  is  desirable  before 
speaking  with  confidence  on  this  branch  of  the  subject. 

In  reference  to  the  oxide  employed  in  the  purifying  prooesB,  it 
may  be  remarked  that,  as  a  role,  it  contained  about  20  per  cent,  of 
silica,  which  is  more  than  that  commonly  employed  in  the  fettling 
used  in  the  puddling  furnace. 

In  the  process  of  puddling,  as  it  is  usually  conducted,  an  increase 
of  heat  is  applied  to  the  ball  just  before  it  is  withdrawn  fix)m  the 
furnace.  At  this  period  all  the  granules  of  iron  are  of  course  coated 
with  the  cinder,  more  or  less  enriched  with  the  phosphorus  which  has 
been  previously  drawn  from  the  iron.  If  moderate  temperatures  are 
best  adapted  for  enabling  the  oxide  of  iron  in  the  cinder  to  acidif^i 
and  thus  absorb  the  phosphorus,  it  seemed  reasonable  to  infer  that  bj 
exposing  the  two  substances  to  an  intense  heat  the  action  should  be 
reversed ;  for  we  know  that  iron  at  high  temperatures  can  rob  eT^ 
phosphate  of  lime  of  its  phosphorus. 


Some  Cleveland  pig  iroD,  coataining  1*51  G  per  cent,  of  phoepbonia 
iras  pnddled  at  a  lower  temperature  than  commonly  obtains  in  a 
Danks  furnace.  The  iron,  when  ready  for  balling,  contjiitied  *122  per 
cent,  of  phosphorus,  but  when  the  balls  were  eleansed  &om  adhering 
cinder  by  fdsion  in  alkaline  carbonates,  the  phospborns  was  reduced 
to  '068  per  cent.  Afler  heatin^^  this  granular  iron  with  the  cinder 
aooumpanying  it  to  a  welding  point,  the  bloom  similarly  eleanetl 
contained  -145  of  phosphorus.  In  like  maimer  other  grannies  of 
iron,  alBO  containing  *08G  of  phosphorus,  were  exposed  to  the  highest 
heat  of  a  reverberatory  fuioace,  in  contact  with  some  of  the  cinder 
with  which  they  had  been  puddled.  In  two  hom%  and  ten  minutes 
the  phogphonis  combiiied  wkh  the  iron  had  risen  to  *255  per  cent 

These  eiperimenta  appear  to  indicate  that  at  the  lower  temperature 
oxide  of  iron  acidifies  and  combines  with  the  phosphorus  existing  in 
pig  iron;  and  that  the  phosphortmi  after  the  carbon  has  disappeared, 
retained  in  its  new  form  of  c<»mbination.  When  however  the  tem- 
eratnxe  was  raised,  the  metalhc  iron  recovered  a  portion  of  the  phus- 
boma,  which  it  had  parted  with  when  the  heat  was  of  a  less  intense 


Pfhl 


It  was  soon  remarked,  during  the  progress  of  my  trials,  which  ex- 
tended to  the  treatment  of  a  few  hnndred  tons  of  metaJ,  that  silica 
greatly  impeded  the  object  I  had  in  view.  Calcined  Cleveland  stone, 
which  contains  about  11  or  12  per  cent,  of  lime  and  magnesia,  and 
about  12  per  cent,  of  ailica,  was  then  tried  both  alune  and  with  lime 
eaperadded,  wHh  such  results  aa  led  me  to  consider  that,  in  point  of 
economy  and  efficiency,  tfie  oxide  m  it  exists  in  the  Cleveland  ore 
would  be  found  to  satisfy  all  the  requiremente  of  the  case. 

It  flufSced  to  heat  the  ironstone,  or  other  form  of  oxide,  red  hot, 
id  then  to  mn  the  raetal  from  the  blast  furnace  upon  it:  the  silica, 
famished  by  the  oxidation  of  the  silicon  in  the  iron,  rapidly  fused 
the  oxide  of  iron,  which  at  once  commenced  to  act  on  the  phosphonis 
in  the  manner  already  described. 

The  late  Mr.  John  Price,  while  Superintendent  of  the  Government 
iron  works  at  Woolwich,  practised  this  system  of  freeing  Cleveland  pig 
iron  from  ita  associated  phosphorus  at  that  establishment*  The  molten 
metal  was  simply  agitated  with  melted  oxide  in  an  ordinai7  puddling 
Jhrnace  and  then  run  out  into  moulds.     The  purified  iron  was  then 
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melted  in  a  Price's  retort-fnmaoe  and  spiegel  or  feriD-maiigaBese  i» 
added  in  the  way  nsnally  practised  in  the  open  hearth  ore-prooess.  Tli 
steel  so  made  was  used  to  some  extent  for  castings  or  forged  inio  nki 
and  other  objects  required  at  Woolwich.  A  number  of  ingots  wasm 
from  which  perfectly  sound  rails  were  rolled  for  the  North-EaMi 
Bailway.  By  this  imperfect  mode  of  manufacture  the  phoqpiioni 
was  reduced  to  under  2  per  cent,  in  the  steel. 

Soon  after  I  communicated  the  results  of  these  experiments  to  tk» 
Iron  and  Steel  Institute,^  Mr.  Erupp,  of  Essen,  who  had  been  engapi 
in  a  similar  line  of  enquiry,  commenced  to  practice  the  procesoni 
large  scale,  and  my  late  friend  Alex.  L.  HoUey  has  done  the  same  is 
the  United  States.  In  addition  to  oxide  of  iron,  it  was  stated  tbtAUk 
had  been  found  advantageous  to  employ  a  certain  quantity  of  oxide  of 
manganese.  Mr.  HoUey  has  described  at  length  ike  result  of  his  oih 
servatidns.^  According  to  information  receiyed  by  this  gentlemn 
upon  this  occasion,  something  like  17,000  tons  of  pig  iron  had  been  » 
treated  at  Essen,  where  the  product  was  partly  used  for  the  man1l&^ 
ture  of  steel  tyres  and  axles  for  railway  purposes. 

The  iron  operated  on  contained  only  about  half  the  phosphoftf 
usually  found  in  Cleveland  pig;  and  the  following  shows  the  oomp(Mh 
tion  of  the  metal  before  and  after  the  process  of  purification: — 
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•16 

•146      . 

•106 

Manganese      ...        2*32 

•038 

•116 

•068 

cinder  contained  as  follows: 

— 

SiUca 

18-0 

Lime     

7 

Alumina 

11-6 

Oxide  of  manganese 

16-6 

„      iron 

61^0 

Phosphoric  acid  ... 

6-0 

Sulphuric      „     ... 

•2 

W-ll 

weat- 

*  Journal  of  Iron  and  Steel  Institute,  1877. 
'Trans.  American  Institute  Mining  Eng^eers,  1880. 
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le  prooesg  was  carried  on  ut  Essen  by  treating  the  metal  in  a 

it  fnniac'e,  tlie  revolving  motion  of  ifl^hich  renewed  the  surfaces 

n  and  cinder;  but  in  my  judgment  thia  appears  a  less  perfect 

r  of  seeming  a  rapid  admixture  between  the  two  subetanees^  than 

[opted  in  my  own  experiments, 

mediate  object  of  ray  trials  was  to  obtain  a  material  which, 

from  phosphoretic  iron,  might  yet  be  serviceable  for  steel  making* 

i  same  time  it  was  obvioiiB  that  such  cnide  iron,  purged  much 

completely  of  its  silicon,  sulphur,  and  phosphorus  thim  by  any 

B  of  ordinary  refining  with  which  I  am  acquainted,  Jind  stiU 

ing  nearly  its  original  amount  of  carbon,  ought  to  be  valuable 

aterial  for  the  manufacture  of  malleable  iron.     I  would  submit, 

instance  for  comparison,  the  coraposiiion  of  two  sampler,  which 

aally  l>e  regarded  as  refined  metal,  as  under: — 


Carbon, 

SiUooo. 

Bulpfaur. 

Fbovphonu. 

ied  hot  blast  Clevel&ml  irou 

..     3251 

0-22 

012 

0089 

Yorkshire  cold  blast  refined 

...     8-413 

0125 

0'02'S 

0^380 

former  times  it  was  considered  necessary  to  avoid  not  alone 

ities,  in  the  sc^lection  of  pig  iron  for  forge  purposes;  but  it  had  to 

osen  from  some  imaginary  quality  in  the  actual  iron,  which  in 

mysterious  manner  fitted  it  espeeiaUy  for  its  intended  use.    This 

deed  still  lingers  in  the  minds  of  some  mannfactui-ers  of  the 

at  day;   but  it  remains  yet  to  be  proved  that  fierfectly  good 

lleable  iron  may  not,  by  the  same  careful  treatment  in  the  forge, 

■kde  from  metal  however  obtained,  provided  only  the  composition 

Re  puddlers'  charge  resembles  the  refined  cold  blaat  pig  of  West 

re. 

Bessemer  process  sprung  into  existence  towards  the  close  of 
ign  of  empiricism.     Its  original  failure  and  subsequent  success 
the  manufacturers  to  seek  for  scientific  aid  in  order  to  ascertain 
in  of  both;  and  now  pig  iron  of  suitable  quality  for  this  pur- 
chosen  by  analysis,  with  the  utmost  certainty  as  to  the  results 
metal  of  a  given  composition  will  afford.     So  long  as  thia  com- 
iUon  is  retained,  no  one  enquires  from  what  kind  of  ore  the  metal 
need, 
fnder  the  competition  which  iron,  purified  in  the  manner  just 
to^  has  to  meet,  the  margin  of  economy  is  not  a  large  one. 
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This  observation  however,  is  limited  to  a  comparison  of  the  actml 
cost  involved  in  the  smelting  of  such  ores  as  those  of  the  Clevehmd 
hills,  and  of  the  purer  hematites  of  the  north-west  of  England,  or  thott 
of  Spain  and  elsewhere.  Of  course  this  margin  is  liable  to  fluctoatiow 
of  a  very  great  magnitude,  when  the  demand  for  the  finer  kinds  of  inn 
rises,  as  it  has  done  recently,  in  excess  of  the  supply.  In  Mr.  HoUey'^ 
report  of  the  practice  at  Essen,  he  sets  down  the  loss  at  2*5  per  cent, 
which  coincides  pretty  nearly  with  my  own  practice;  and  this  with  the 
cost  for  coal,  repairs,  ore,  labour,  etc.,  will  bring  the  total  expense  up 
to  about  6s.  or  7s.  per  ton.  M.  Peterson  of  Eschweiler  gives  the  fol- 
lowing as  his  estimate: — 18  to  80  of  ore  per  100  of  pig,  according  to  the 
quantity  of  phosphorus  contained  in  the  iron;  coal  about  2  cwts.  per 
ton  of  crude  iron.  Assuming  Cleveland  pig  iron  to  be  bought  at  158.  per 
ton  below  the  price  of  the  purer  qualities  made  from  hematite  ore^ 
it  would  appear  that  in  the  absence  of  any  better  method  of  treating 
phosphoric  iron  such  a  process  as  that  just  described  might  be  em- 
ployed with  advantage. 

In  the  experiment  with  the  converter  described  in  page  395  and 
undertaken  with  a  view  to  reduce  the  acid  composition  of  the  slag, 
oxide  of  iron  was  the  base  employed.  Failure  attended  my  researches 
in  this  direction,  because  the  basic  addition  corroded  the  silicions 
lining  so  rapidly,  as  to  maintain  in  the  cinder  an  excessive  amount 
(above  45  per  cent.)  of  silica.  The  want  of  success  which  had  attended 
the  attempts  of  Dr.  Siemens  and  others  to  use  other  linings  than  sib'cs 
deterred  me  from  prosecuting  any  expensive  trials  as  to  a  better  mode 
of  protecting  the  vessel  itself. 

Mr.  0.  J.  Snelus  had  in  the  year  1872  met  with  a  certain  amount 
of  success  in  lining  a  small  converter  with  lime;  and  during  his  experi- 
ments he  undoubtedly  had  observed  that  the  neutralising  of  the  silicic 
acid  by  this  earth  exercised  a  marked  effect,  in  reducing  the  quanti^ 
of  phosphorus  as  contained  in  the  pig  iron.  Either  this  success,  com- 
mercially speaking,  was  not  sufficiently  marked,  or  other  circnmstanctf 
deterred  Mr.  Snelus  from  prosecuting  his  work  with  the  spirit  which  • 
further  inquiry  has  led  many  competent  judges  to  believe  it  deserved. 
Messrs.  Thomas  and  Gilchrist,  in  the  years  1878  and  1879,  read  before 
the  Iron  and  Steel  Institute  papers  descriptive  of  their  work  in  the 
use  of  lime  in  the  converter.    They  also  use  a  vessel  lined  with  lim^^ 
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BDggegted  by  Mr.  Snelua,  or  with  a  mixture  of  magnesia  and 

I;  but,  inasmoeh  as  something  like  20  parts  of  quick  lime  have 

found  ncceasary  for  the  treatment  of  100  of  Cleveland  pig  iron, 

clear  it  would  not  do  to  have  to  depend  on  the  lining  for  fur- 

ing  so  large  an  amount  of  the  calcareous  bivse;  even  were  it  capable 

Fording  it  which  is  jierhaps  doubtfuL     This  has  led  these  j^enile- 

1  to  add  lime  to  tlic  charge,  for  the  avowed  purpse  of  neutrahzing 

iica  formed  during  the  bluw— an  object  which  is  not  m  conspicuous 

Snelns'  original  pablication  licaring  on  the  subject** 
he  use  of  lime  in  the  converter,  stiggested  in  the  manner  just 
il»ed,  has  led  to  a  large  quantity  of  phosphoric  pig  iron  being  now 
;  for  the  manufacture  of  steel  rails.     Indeed  as  regards  the  quality 
liie  product,  au  far  as  chemical  conipositiou   and   the  orilinary 
inical  tests  enable  m  to  judge,  there  is  no  reason  whatever  for 
ippoeing  that  it  ditfers  hvm  the  steel   made  from  he.natite  iron. 
L>rding  to  mformation  supphed  t<j  me  by  Mr.  Percy  Gilchrist  the 
now  using  the  Basic  process  produced  m  the  half-year  ending 
f  March,  1883:— 

Worlw  in  LTCrniHiiy  162.470 

,.        England  57,911 

„        Anntria           ..  37.475 

M        other  eomi tries  33,034 

Total  Tons  280,900 

The  extent  to  which  this  Basic  prntLss  will  take  the  place  of  its 
cid  predecessor  must  of  coni^se  depend  on  the  difference  in  price 
letween  the  two  kinds  of  pig-iron— the  greater  this  difference,  the 
fTBBter  will  be  the  margin  to  cover  the  larger  waste  and  additional 
txjienses  connected  with  the  Basic  mode  of  treatment.  At  Middles- 
thfg  diffii^renoe  of  coat  of  production  of  the  crude  metal  is  about 
rn  Westphalia  and  the  East  of  France  it 
ft  is  um  ount,  Acocu'dingly  in  certain 
Ltii  adopted  much  more  rapidly  than 

of  this  recently  intRHluced  branch 
>lo  to  omit  mentioning  the  clfdms 
I'omotion.    For  half-a-dozen  years 
fl     JK^Memer  tiuld  Med»k  for  tbiir  invcn- 


?  -»y.  ncr  !<-!»,  wltfj'r- 
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after  Mr.  Snelns'  first  specificatioiiy  no  notice  was  taken  by  the  afeed* 
makers  of  this  gentleman's  invention.  This  however  may  be  ezconi 
by  the  circnmstance  of  its  value,  as  a  means  of  removing  phoqdianit 
not  being  very  clearly  stated.  Fortunately  when  Messra.  Tbaam 
and  Gilchnst  brought  their  ideas  before  the  public,  Messrs.  Bdckott 
Yaughan,  &  Co.  had  just  erected  a  very  large  steel  rail  mill  on  the  bnb 
of  the  Tees,  and  it  was  fortunate  for  the  inventors,  that  this  work  i» 
being  carried  out  under  the  direction  of  Mr.  Richards.  No  ime  lAo 
is  acquainted  with  the  difficulties  which  were  encountered  in  the  pn» 
tical  application  of  what  may  appear  a  simple  matter,  will  deny  that  to 
this  gentleman  and  to  the  enterprise  and  boldness  of  his  Directors  moit 
is  due  not  inferior  to  that  of  the  originators  of  the  process  itself. 

Messrs.  Thomas  and  Gilchrist  appear  to  fix  20  per  cent,  of  silica  in 
the  slag,  as  the  limit  to  which  this  substance  can  be  permitted  to  attend 
without  prejudicially  interfering  with  the  removal  of  phosphorus.  The* 
authorities,  and  also  Mr.  Snelus,  insist  on  the  formation  of  a  higUj 
basic  slag,  so  as  to  present  a  strong  base  with  which  the  phosphoric 
acid  may  unite  at  the  moment  of  its  formation.  Messrs.  Thomas  and 
Gilchrist  further  give  us  to  understand  that  a  sufficiency  of  lime  pre- 
vents the  necessity  of  "  over-blowing;"  which  may  be  presumed  to 
mean  that  it  avoids  the  evil  of  wasting  metallic  iron,  and  the  conse 
quent  admission  of  oxide  of  iron  into  the  cinder. 

We  are  indebted  to  Mr.  E.  W.  Richards  of  the  Eston  Works,  and 
to  M.  M.  Massenez  and  Pink  of  Horde,  for  much  valuable  information 
in  the  practise  of  this  now  so-called  Basic  process.  Prom  it  we  learn 
the  nature  of  the  gradual  changes  experienced  by  iron,  in  the  presence 
of  lime,  while  throwing  off  the  manganese  and  the  four  metalloids  with 
which  it  is  associated  while  in  the  form  of  pig. 

The  following  table,  and  an  appropriate  diagram,  were  communi- 
cated by  Mr.  Richards  to  the  Iron  and  Steel  Institute  at  Liverpool  in 
1879,  in  connection  with  his  experience  in  removing  phosphorus  by 
the  Basic  treatment. 


Fluid  metal— 

Minutes  after  com-    | 
raencementofblow  ) 

0 

3 

6 

9 

12 

14* 

16J 

Carbon           

3-5 

3-6 

8^40 

2-40 

-Od 

•076 

OO 

Silicon            

1-7 

•8 

•28 

•06 

•01 

•00 

i» 

Sulphur          

•05 

•06 

•05 

•06 

•06 

•06 

06 

Phosphorus 

1-50 

1^60 

1*68 

1*48 

1-42 

1-20 

•06 
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Corretpondinff 

ilOff^— 

luTitea  after  com- 
Eoencemeut  of  blow 

:       ^ 

6 

9 

12 

14J 

16i 

16-35 

lUca 

,.  3260 

4260 

a6-oo 

35-60 

8300 

1660 

1660 

bosplioric  acid 

...       '60 

•15 

reo 

2*61 

5'66 

15^06 

16-03 

S3'20 

42-76 

37-60 

88-21 

38-66 

30-66 

32-63 

jddeof  iron.,. 

...     7-26 

2-67 

61V1 

6*17 

7-89 

1343 

14'59 

iffcrcDoe  —  Limci 

magnesia*  alumiuat 
md  oxide  of  man* 
paneae     

I  59^54 

54'68 

56-4S 

55-62 

53-46 

55-91 

5278 

100-00 

lOO'OO 

lOO-OO 

10000 

10000 

100<>0 

lOOiJO 

Two  heats,  blown  from  Cleveland  iron  in  my  preeence,  at  Eston, 
ive  before  the  addition  of  epiegel  the  following  results: — 


Carbon 
SiUccm  ... 

Sulphur 

Pbosphoma 

Hanganese 


Corretponding  8lag9~ 
Silica    ... 
Fhospboric  acid 

Protoxide  of  iron 
Peroxide  „ 

Protoxide  manganese 
Xtitne    ...         ,,, 
Hagnena 


Pot  Ccnl 
036 
Nil. 
-065 
IGO 
125 


21-10 
10*36 

31-46 

13-89  I 
1-71  f 

12-19 

29 
7-38 
3-63 


FvCfiii. 
-068 

NIL 


Iron  12-00 


-19  J 


52-94 


Iron  11'96 


100-00 


100*00 


^V    The  Diagram  No.  S  in  the  series,  given  at  page  888,  is  oonstmcted 
^^K>ti  the  same  principle  as  that  adopted  in  this  work  for  the  other 
prooesses  of  treating  pig  iron,  and  it  shows  in  a  blow  of  Basic 
Bessemer  steel  the  percentage  rate  at  which   the  metalloida    are 
wmoved  from  the  iron. 
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The  analyses  of  the  metals  and  slags  which  have  been  blown  midff 
the  Basic  treatment  leave  no  donbt  that  the  phosphorus  originaDj  in 
the  pig  is  acidified,  and  transferred  to  the  slag  as  a  phosphate.  Up 
to  this  time  however  those  who  have  examined  the  sabject  most  fie- 
qnentlj  are  not  agreed  as  to  whether  the  phosphoric  add  is  oombined 
with  lime,  or  with  oxide  of  iron. 

Experiments  by  M.  Pourcel,  described  by  him  in  a  very  able  paper,^ 
prove  apparently  beyond  all  donbt  that  at  high  temperafcnres  cast  iron 
decomposes  phosphate  of  lime.  It  is  somewhat  improbable  therefore 
that,  were  the  phosphorus  in  pig  iron  acidified  in  a  converter,  it  woaU 
combine  with  lime  in  preference  to  oxide  of  iron,  if  in  the  presence  rf 
the  latter  base.  On  the  other  hand,  it  is  equally  difficult  to  see  how, 
in  the  absence  of  oxide  of  iron,  acidification  of  the  phosphorus  can  be 
accomplished.  The  lime  cannot  be  regarded  as  a  possible  source  of 
the  oxygen  required,  and  it  is  certain  that  air  blown  through  melted 
cast  iron  will  oxidise  the  metal  before  the  phosphorus  is  sensibly 
affected.  Phosphate  of  iron  may  no  doubt  be  formed  in  the  first  instance, 
which  if  decomposed  by  lime  would  give  phosphate  of  lime  and  oxide 
of  iron.  This  oxide  of  iron  if  reduced  by  carbon  or  silicon  might  then 
pass  as  metal  into  the  steel. 

In  respect  to  the  source  of  the  oxygen  required  for  acidification, 
there  is  perhaps  little,  if  indeed  any,  difference  of  opinion ;  but  while 
M.  Pourcel  gives  good  reasons  for  believing  that  the  phosphoric  add 
is  combined  with  iron  in  the  cinder,  Mr.  Stead,^  who  has  had  ample 
opportunity  of  examining  the  subject  at  the  works  of  Messrs.  Bolckow, 
Vaughan,  &  Co.,  arrives  at  a  different  conclusion ;  and  certainly  hi* 
opinion  is  one  we  cannot  disregard. 

It  may  appear  of  little  moment  by  what  precise  mode  of  action  the 
phosphorus  is  transferred  to  the  cinder,  so  long  as  it  is  efiectuallj 
removed  from  the  iron.  There  is  connected  with  the  question  how- 
ever one  point  of  some  economic  importance ;  for,  if  lime  could  at  once 
lay  hold  of  phosphoric  acid,  however  formed  in  the  process,  ovc^ 
blowing  and  the  waste  of  iron  consequent  thereon  might  possibly  be 
dispensed  with.  If,  on  the  other  hand,  phosphate  of  iron  must  first  be 
generated,  it  seems  probabfe  that  an  additional  waste  of  metal,  tf 
compared  with  the  ordinary  Bessemer  blow,  is  unavoidable. 
'  Joarnal  Iron  and  Steel  Institate,  1879,  No.  2. 
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For,  on  referring  to  the  analyses  (page  409)  of  iron  and  its  corres- 

slags,  taken  at  various  stages  of  the  operation,  it  will  be 

*^ed  that  the  iron  has  sensibly  increased  in  the  slag,  before  the 

phonas  has  ^eatly  diminished  in  quantity  in  the  metal  nnder 

ent.    It  therefore  seems  highly  probable  that  if  the  phosphoric 

[  m  the  cinder  is  combined  with  lime,  it  has  changed  places  with 

previously  combined  with  that  earth;  the  result  being  a  conver- 

of  phosphate  of  iron  and  silicate  of  lime  to  phosphate  of  Hmc  and 

Bcate  of  iron* 

The  krge  quantity  of  a  somewhat  refractory  cinder  has  undoubtedly 

Bnted,  as  has  been  already  intimated,  an  inconvenience  in  the 

lipulation  of  this  new  process.     I  have  been  unable  to  ascertain 

proportion  which  the  cinder  actually  bears  to  the  iron  operated 

but  an  approximate  estimate  can  be  made,  based  on  the  changes 

by  the  iron  itself  and  by  the  composition  of  the  slags. 

Jopting  dieae  data  as  a  guide  in  the  computation  T  estimate  that 

ere  will  be  present  in  the  converter  in  which  ten  tons  of  metal  are 

blown  something  like  2^  to  8  tons  of  slag. 

This  large  amount  of  additional  matter  as  compared  with  the  acid 

must  undoubtedly  continue  to  be  a  source  of  some  inconve- 

ence  owing  to  its  tendency  to  choke  the  apparatus.     In  the  ordinary 

Besaemer  process,  every  constituent  of  the  scon®  may  be  regarded  as 

^ving  aflbrded  by  its  previous  oxidation  a  great  amount  of  heat.     In 

Basic  process,  on  the  contrary,  the  fusion  of  the  lime  and  magnesia 

ands  an  intense  temperature  without  contributing  in  any  way  to 

generation.     In  the  matter  of  volume  too,  this  cinder  may  present 

ae  dilficulty;  for,  swollen  as  it  is  with  gaseous  matter,  it  will  pro- 

bly  occupy  a  much  greater  space  in  the  converter  than  the  steel 

elf;   but  the  difficulty  can  hardly  be  regarded  as  one  of  seriona 

aitude  in  a  process  where  the  chief  object,  viz.,  the  removal  of  the 

bosphorus,  has  been  so  completely  achieved. 

The  information  contained  in  the  analyses  of  the  cinder  ali^eady 

given  enables  ns  to  form  some  idea  of  the  actual  quantity  of  iron  lost 

ing  the  Basic  process,  over  and  above  that  combined  with  the 

ader  as  oxide  of  iron. 

In  the  computation  showing  the  weight  of  slag  formed  diiring  the 
eration.  the  quantity  of  metalloids  separated  was  considered  as  being 
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7*38  parts  per  100  of  iron  treated.  The  actual  loss  in  weight  however 
was  17  per  cent.;  and  the  difference  between  this  figure  and  that  for 
the  metalloids  remoyed  (9*62)  could  only  represent  loss  in  iron,  ^riuch 
is  therefore  9*62  per  cent,  in  alL  Of  this  no  doubt  a  portion  was  re- 
presented by  granules  of  metal  left  in  the  cinder,  for  on  one  occasion  t 
specimen  of  the  latter  was  found  in  the  Olarence  Laboratory  to  oontam 
11*4  per  cent,  of  its  weight,  which  was  separated  by  means  of  a  magnet 

Now  if  we  assume  that  100  parts  of  pig  gave  28  of  cinder,  and 
that  the  latter  contained  14*80  per  cent,  of  oxide  of  iron,  we  ha?B 
2*64  parts  of  iron  accounted  for  in  this  way.  The  actual  loss  of  iroiit 
howeyer,  has  been  shown  to  be  9*62  parts,  which  leayes  6*98  un- 
accounted for. 

The  estimated  loss  in  blowing  ordinary  Bessemer  iron  at  Neuberg, 
akeady  referred  to,  amounted  to  10*936  per  cent.,  and  consisted  of— 

Oartxm.  SiUoon.         Solphor.     Pbosphonn.    Hmngantmrt.         Iron. 

8-980  1-932  -018  NU.  8827  1*729  -  10«6 

This  calculation,  which  corresponds  within  a  mere  trifle  to  the 
actual  loss,  indicates  that  little  or  no  iron  has  disappeared  which 
cannot  be  accounted  for.  Again,  in  treating  ordinary  Bessemer  mm 
in  Great  Britain,  where  the  loss  is  said  to  be  12  per  cent.,  there  is  no 
such  difference  between  the  iron  in  the  steel  and  cinder  and  that 
delivered  to  the  converters.  Mr.  Stead  regards  the  quantity  of  iron 
actually  evaporated  in  the  Basic  process  as  being  exceedingly  small 
If  so,  then  a  large  portion  of  the  additional  loss  of  metal  must  be  dae 
to  the  pasty  consistence  of  the  slag,  in  consequence  of  which  a  much 
less  perfect  separation  of  the  mechanically  suspended  globules  of  steel 
takes  place,  than  from  the  fluid  cinder  when  blowing  hematite  iroiL 
These  globules  of  metal,  being  insularly  disseminated  through  the 
slag,  their  quantity  is  not  easily  ascertained. 

Looking  at  the  larger  quantity  of  slag  which  has  to  be  melted, 
there  can  be  no  reason  for  supposing  that  there  is  not  a  larger 
quantity  of  heat  required  in  the  Basic  system  than  in  a  converts 
worked  in  the  ordinary  Bessemer  fashion.  Admitting  this,  it  will  he 
demonstrated,  when  we  come  to  estimate  the  quantity  of  heat  evolved 
in  the  two  processes,  that  possibly  the  burning  of  a  quantity  of  iron 
may  be  indispensable,  when  a  large  quantity  of  lime  is  added  to  the 
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large,    IS  ihe  oxide  of  iron  resulting  from  this  combustion  is  not  in 
dag,  it  must  have  been  yaponrizedy  an  action  of  itself  demanding 
le  expenditure  of  farther  heat. 

The  overblowing  suppoaed  as  being  indispensable  to  the  success  of 

le  Basic  process  induced  me  to  obserre  the  effect  of  exposing  borings 

different  rails  heated  to  a  full  red  to  a  current  of  hydrogen  gas. 

is  was  done  in  order  to  discover  to  what  extent  the  steel  had 

absorbed  oxjgen  gas. 

An  iron  rail  of  the  ordinary  quality  lost  in  2  hours  *14D  per  cent., 
and  in  4  hours  '190  per  cent.  A  steel  rail  made  by  the  Basic  pi'ocess 
before  adding  the  spiegd  lost  in  3|  hours  '248  per  cent.,  and  in  8^ 
hours  *284  per  cent.    After  the  addition  of  the  spiegel,  which  is  known 

K  remove  oxygen,  the  lofis  in  8|  hours  by  exposure  to  hydrogen  was 
79  per  cent,  and  in  Bf  hours  '105  per  cent. 
-These  two  experiments  point  to  the  conclusion  that  the  iron  ndls, 
which,  from  the  presencH^  of  cinder,  the  most  oxygen  might  be  ex- 
ited, in  reality  contained  somewhat  less  of  this  element,  liable  to  be 
affected  by  hydrogen  than  steel  obtained  by  the  Basic  treatment. 

Phosphorus,  constituting  the  dangeroos  element,  it  is  of  importance 
that  the  sepaiiition  of  this  substance  should  be  so  effectual  by  the 
Basic  mode  of  treatment,  that  it  does  not  exceed  in  rjuantity  that 

Elbund  in  rails  made  by  the  acid  process. 
For  the  pm-p^se  of  illustrating  how  completely  this  is  achieved 
two  tables  of  analyses  of  each  kind  of  rail  have  been  taken  from  the 
laboratory  records  of  the  North-Eiisteru  Railway  Company. 
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CONSECUTIVE  ANALYSES  MADE  IN  NORTH-EASTERN  RAILWAY 
COMPANY'S   LABORATORY  BY   Mr.   ROUTLEDGE   OF 
20  STEEL  RAILS  MADE  FROM  HEMATITE  IRON. 
CONTAINED  PER  100  PARTa 


No. 


Owboo. 

Silfoon. 

Salplrar. 

PboiphonM. 

MftBgMMML 

Iraa 

1  . 

.    -47 

•14 

-08 

•06 

1^58 

97-a 

2  . 

.     -60 

•18 

•12 

•06 

1-81 

97-88 

8  . 

.     -46 

•10 

•15 

•06 

1-81 

97« 

4  . 

.    -62 

•09 

•10 

•06 

•95 

96-28 

5  .. 

.     -45 

•09 

•10 

•06 

1^31 

97-99 

6  .. 

.     '43 

•11 

•11 

•05 

1-04 

98« 

7  . 

.     -42 

•12 

•12 

05 

122 

98<>7 

8  .. 

.     -41 

•14 

•15 

•05 

146 

97-W 

9  . 

.     -44 

•16 

•13 

•05 

170 

97-52 

10  .. 

.     -44 

•06 

•13 

•05 

•97 

98-35 

11  .. 

.     -46 

•06 

•14 

•05 

•92 

98-38 

12  .. 

.     -62 

•08 

•17 

•05 

1-04 

98-14 

13  . 

.     -62 

•12 

•15 

•05 

1^01 

9815 

14  .. 

.     -60 

•10 

•18 

•05 

1^08 

98-14 

15  .. 

.     '45 

•10 

•11 

•05 

1^20 

98^ 

16  . 

.     -43 

•05 

•09 

•05 

112 

98-26 

17  .. 

.     -89 

•08 

•09 

•06 

1-04 

98-35 

18  .. 

.     -39 

•10 

•14 

•05 

113 

9819 

19  .. 

.     -36 

•08 

•12 

•05 

1^01 

98-89 

20  . 

.     -51 

•10 

•08 

•04 

116 

98-11 

•452 

•105 

•121 

•052 

1178 

98-092 

-_ 

«ss 

^^  • 

_                         n. 

"■■■^ 

=^ 

AemmtR 


In  the  finished  steel  there  are  three  demebts  which  the  mann&C' 
tnrer  seeks  to  get  rid  of,  yiz.  the  silicony  solphnr  and  phosphorus- 
The  nnited  percentage  of  these  in  the  rails  made  from  hematite  pig  '^ 
•278  whereas  in  the  Basic  steel,  although  the  iron  used  in  its  mann- 
factore  may  contain  2  per  cent,  of  phosphorus,  this  substance  ii 
practically  reduced  as  low  in  quantity  as  in  the  hematite  steeL 
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ffSECUTIVE  ANALYSES  MADE  IN  NORTH-EASTERN  RAILWAY 
COMPANrS   LABORATORY    BY    Mr.  ROUTLEDGE    OF 
20  STEEL  RAILS  MADE  FROM  CLEVELAND  IRON 
BY  THE  BASIC  PROCESS. 


Cutecu 

BLUootL 

Sulpliur, 

Phoephonu. 

MnnnmiKL 

Iron. 

Sa    I  .. 

.     -38 

•07 

■03 

•06 

llfi 

9831 

2  *. 

.     -47 

•04 

'05 

■06 

116 

98-22 

S  .. 

.  '4n 

-07 

t)9 

•06 

117 

^•30 

i  .. 

.     '46 

•OS 

•12 

•06 

1-31 

98-02 

,    5  .. 

.    -48 

•05 

•10 

•06 

1-45 

97-86 

6  ,. 

.     '46 

'04 

11 

•06 

1-24 

98-00 

7,. 

.     48 

-06 

11 

■06 

107 

98-22 

8  .. 

.     46 

•09 

•11 

■06 

1*19 

9809 

9  .. 

.     S7 

*09 

^ 

05 

1-23 

98  20 

10. 

.     40 

•Ofi 

•10 

•06 

1-09 

98-31 

11  . 

.     -46 

*03 

11 

m 

1-28 

9807 

12  ., 

.     -46 

•04 

■07 

-05 

118 

98-19 

U  . 

.     -46 

•06 

•14 

^ 

129 

9800 

u. 

.    *4d 

•06 

•11 

•06 

1-40 

97-90 

.  10. 

..     -44 

-06 

•11 

•05 

1-46 

97-88 

.  16. 

..     -47 

■06 

m 

-06 

146 

97-89 

17  . 

..    -48 

■07 

•10 

^ 

-90 

98-40 

^  18. 

..     -46 

13 

•12 

05 

1-07 

98-18 

19. 

..     '44 

•10 

•12 

-05 

•82 

98*47 

p 

..     -48 

•02 

•10 

•05 

l-ll 

9830 

1 

-4G0 

•065 

■095 

•054 

1-201 

98-135 

The  sum  of  the  silicon,  Bulphur,  aod  phpsphonis  is  only  *214  per 
ItL»  or  nearly  30  per  cenfc.  legs  than  that  which  appears  ia  the 
Wdous  tahle. 

In  aelecting  pig  for  the  Bessemer  converter,  manofacturers  hitherto 

(fe  had  two  objects  in  view — a  sufficiently  low  perceotage  io  phos- 

horuB  (under  -1  per  cent,),  as  not  to  impair  the  strength  of  the 
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steel,  and  a  sufficiently  high  percentage  of  silicon  as  to  afford  tte 
necessary  heat  required  during  the  blow. 

In  the  Basic  treatment  an  ezcessiye  amount  of  silicon  is  aocompanied 
with  considerable  inconvenience ;  for  the  higher  it  is  in  quantity  the 
greater  is  the  proportion  of  lime  required  to  neutralise  it.  Tiiii 
however  is  by  no  means  the  most  serious  difficulty  entailed  by  tlie 
excessive  amount  of  lime  required  in  order  to  secure  the  removal  of 
the  phosphorus.  The  slag,  which  may  be  regarded  as  a  silico-phosphate 
of  lime  and  iron,  contains  such  an  excess  of  basic  matter  as  to  be  very 
infusible,  and  in  consequence  interferes  with  the  current  work  of  ih& 
converter  by  incrustations  which  gather  on  the  sides  and  particniailj 
on  the  throat  of  the  vessel. 

The  idea,  which  seems  to  have  first  suggested  itself  to  the  manager 
of  the  Horde  works  of  replacing  the  silicon  by  phosphorus,  as  a  heat- 
evolving  medium,  has  been  attempted  in  practise  apparently  with  great 
success.  Mr.  Massenez  of  that  establishment  has  announced  that  lij 
using  a  pig  iron  containing  only  2^  per  cent,  of  carbon  and  2  per 
cent,  of  phosphorus,  he  can  produce  steel  having  only  -08  to  •06  of 
the  latter,  provided  the  silicon  in  the  pig  does  not  exceed  '5  per  cent 

These  considerations  have  now  led  to  the  frequent  use  of  white  or 
of  hard  grey  iron ;  since  these,  being  smelted  at  a  lower  temperature 
than  '' richer"  grey  metal,  contain  a  much  smaller  quantity  of  silioon 
Although  it  has  been  occasionally  stated  that  the  reducing  of  the 
percentage  of  silicon  by  a  lowering  of  the  temperature  in  the  blast- 
furnace is  accompanied  by  a  corresponding  reduction  in  the  phosphonu, 
such  has  not  been  my  own  experience.  This  is  of  importance  for  Uie 
reason  that  the  deficiency  of  the  heat  evolved  in  the  converter,  dne  to 
suppressing,  not  only  the  silicon  but  some  of  the  carbon,  has  to  be 
made  up,  as  described  above,  by  heat  due  to  the  oxidation  of  phos- 
phorus. 

Very  recently  some  white  iron  was  made  at  the  Clarence  woib; 
and  the  following  figures  prove  that  there  has  been  no  diminution  in 
the  content  of  phosphorus : — 


Carbon 

SUioon. 

Solphw. 

FhoQikan 

Clarence  grey  iron,  No.  4 

3-294 

1-631 

•072 

1'4S0 

»                    »» 

3-606 

1-363 

•028 

1-678 

White  iron,  made  9th  June,  1880 

2-918 

•678 

•490 

1-670 

lOth        „      ... 

3-006 

•630 

•401 

1*660 

11th        ,.      ... 

8-091 

•700 

•383 

1-662 
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analyses  made  in  the  Clarence  kbaratorjr  to 

eitait  to  which  phosphortu  had  bocn  ramor^d  from 

i  of  white  iron  blown  at  Horde.    The  operation  waa  performed 

of  mj  son,  Mr,  T.  Ha«?h  Bell,  and  Mr.  ThompHon  the 

■  af  Alt  darenoe  workB.    Throaj^h  the  coarteay  uf  tii)'  frieiid 

llie  neceasary  aamplefi  were  brought  away  by  these 

Thtr  cjontamed : — 


Or«f  muA  W».iuln« 

no    ., 

'307 
VtUU 
574      .. 


af  tipitmST 

171 

(IIU 
-08fi 
•071 


what  has  to  he  dreaded  in  white  pig  Imn  im  the  exooes  of 
which  a  metal  of  thi«  cla»  gcocrally  alMorba  in  t!ie  blaal 
Now  in  the  present  case,  although  thift  HtiiinUiir**  jm  fci«ri<l 
pig  to  the  extent  of  '307  per  ojnt.,  it  him  be^tn  rcmr»\  cjd  in  tliii* 
rteel  to  the  extent  of  78  per  cent,  of  ite  original  c|uuntity: 
die  proportion  ooroparea  favonmbly  with  nteel  made  from  tiidinary 

The  IbRowing  three  sets  of  analyses,  fnade  on  the  pig  and  on  tfie 
before  the  addition  of  tlie  mpiegel,  apply  to  three  4»ther  charges 
on  the  Basic  system: — 


ExperimeQt  No.  L                  EicwrlnMnl  U*t.  S. 
rig  IrocL  BtovD  MmIaL         Pig  Ir<m^  Bloim  UtUL 
Oubtm         ...     2  58        -040        ...         2'82        *0A1 

273          07 

SOkoQ          ...     1*08 

i)Q& 

•46 

— 

•72        -OO* 

Solphar       ...       '22 

•140 

•16 

■00 

*26          12 

Itaplioms  ..     im 

i>l5 

-m 

*m 

lot         "06 

DMigBieM  ...     1-B5 

*a7<> 

101 

•0*JfJ 

127         10 

The  average  composition 

of  these  thi 

rco  charges  thercf«»re  appearal 

be:— 

carbon 

Tig  iTOtL 

2710 

UlQwn  MeUl. 

•otia 

97*68 

SlliooQ     

•750 

.*• 

tioa 

9960 

Salpbtir 

•210 

■no 

4^1-76 

Pho«pboni3 

1013 

•or>'j 

948B 

^L  MftQgauefie 

l-2IiO 

83-93 

^              Totid        „. 

92*72              ^ 

*  711080  pepcentifcgoft  and  iomo  of  the  Kiibflicquorit  fi;jairi*s  may  jMniuips  not  bo 
ktrioHy  oorrect,  becnuso  tbo  cburgL'S  nru  tvwitiil  a.^  hemg  all  \n]z ;  wliertiis  nljout 
^"1  percent,  of  '*scni|>a'*  wvre  n^iwL  of  vliioh  wt  cumposUioii  U  /wan. 
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The  times  required  for  blowi ug  were  as  under: — 


Exp.  1.  Bzp.  i.         Exp.  S. 

Bfin.  8m.        Mill.  Sec     Mln.  See. 


^CX 


11  46 
1  55 

14  0 
2  5 

16  5 

12 
2 

14 

0 
0 

0 

12  3S 

2  0 

13  40 

14  m 

Time  previou*  to  orerblow 
Duration  of  overblow 


In  order  to  ascertain  the  quantity  of  heat  developed  during  a  blow 
in  the  converter,  the  loss  of  each  substance  by  combustion,  and  the 
extent,  as  near  as  possible,  to  which  oxidation  is  carried,  most  be 
ascertained. 

The  heat  evolved  by  the  carbon  depends  of  course  on  the  relative 
quantities  of  carbonic  oxide  and  carbonic  acid  generated  during  its 
combustion.  These  vary  at  different  periods  of  the  blow;  but,  guided 
by  the  researches  of  Snelus  and  Tamm,  I  have  assumed  that  the 
carbon  is  burnt  off,  at  the  rate  and  in  the  manner  set  forth  in  the  taUe 
given  l)elow,  in  which  the  combustion  is  divided  into  seven  periods 
of  two  minutes  each : — 

Periodfl-Nomber  of  Period.  12  3  4  5  6  7 

Carbon  burnt        5%    12-59612%  13-8%  15*596 19*896  21-696-100 

Percentage  of  CO,  vols.    ...  100        68        64  38        15  7  4 

CO      „      ...       -        32        36  62        85        98        96 

^iSn^^^  ^'.."""'^  ^^.\  ^^  6.208   5.984  4,628   3.240   2.792   2.624 

From  these  figures  4,144  calories  appear  to  be  the  heat  equivalent 
of  each  unit  of  carbon  burnt ;  which  may  therefore  be  taken  at  4,150. 

The  iron,  which  leaves  the  converter  in  the  form  of  dense  brown 
fumes  during  the  overblow,  I  have  calculated  as  escaping  in  the  form 
of  magnetic  oxide,  i,e,  one  equivalent  each  of  Fe  0  and  Fe,  0,.  In 
the  slag  the  iron  is  chiefly  found  as  protoxide  with  varying  quantities 
of  peroxide.  In  an  elaborate  paper  by  Mr.  Jos.  Massenez^  of  Horde, 
100  parts  of  slag  are  stated  to  have  contained,  at  different  periods  rf 
the  blow,  the  following  quantities  of  the  two  oxides  of  iron : — 

'^'^m'SrofwSr**'  2  41  6i  9  101  lU  Hf 
Pn»toxideof  iron...  4*21  484  677  4*18  597  11*58  9*43 
Peroxide  of  iron   ...        14         50      1-62      2*00      257        352      l*6i 

Equal  to  Fe  . . .     3 38      411       641       4*51      6*28       1 1  46      8*44 

^  Dc])ho6phorizing  in  the  converter  by  J.  Maasenez.  HOrdc.  Tram.  Iron  ani 
Steel  Inst.,  1880.  p.  475. 
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Another  sample  Cijntitined  : — 


??oSta5S" 

a 

4 

6 

8 

tH 

loi 

m 

IM^ 

13H^ 

bO 

4*21 

3-69 

3*:t4 

2-90 

542 

445 

11*31 

12-27 

8-68 

^  o.       .^ 

•80 

•60 

118 

1«1 

2'$4 

57 

2-95 

4-94 

3-81 

quftltoFe... 

3*83 

3ao 

335 

3*52 

6*00 

4'8& 

10-U 

13  01 

9*34 

avoid   complication,  the   heat-equivalent  of  the   iron   is   taken 
ifonnly  at  1,582  calories, 
Mr.  Masscnez  gives  the  avemge  composition  of  the  slags  from  fonr 
uf  steel  at  the  end  of  the  blow,  as  follows : — 


Phovpboric  acid  , 

Total  acitis 

AlaiainJi 

Linoe 
Mttgnudu 

Solphidc  of  calcium 
Pfotoiide  of  iron 
Pepoxid*;  of  iroa 
Protoxide  of  manganese 


11*46 
963 

2109 

2*50 
19*67 

7-69 

1-72 

8-87  =  6'891 

2*'l«  -  173> 

6*33 


8*62  Vc 


100-26 


The  weight  of  slag  was  equal  to  19*3  per  cent,  of  the  charge 
ed,  or  *23'fi  per  cent*  on  the  steel  produced:  c<]aal  therefore  t€  4*7-' 
per  ton  of  steel 

The  actual  weight  of  sl^  from  five  blows  was  3,795  kilogrammes, 
llich,  according  to  the  above  composition,  would  contain  2,173 
Bogrammes  of  lime  and  magnesia.  The  calcareous  matter  used  is 
en  at  8,-100  kilogi'ammes  so  that  the  caustic  lime,  as  usoally  Iiap|K;n6, 
gt  have  contained  a  considerable  quantity  of  carbonic  acid* 
The  composition  of  the  materials  ust^d  was  as  follows : — 


0, 

SL 

s.       p. 

Mu. 

Ft^. 

iron,  1  white,  k  grey,  nvcrajro  2*83 

0*66 

'29     1*28 

-52 

94  42       -  100 

L                                                  234 

— 

073     *022 

522 

«>9'149    »  100 

Id                                               4-01 

•67 

—      *21 

n-25 

83*86*     -  too 

U  produced                                     234 

— 

•073    *!>-'!' 

522 

99*1 49»  =  100 

Includes  tL  Uttlt'  eopiMT, 
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1 


Prodaoe  of  steel  81*52  per  cent.,  or  100  parts  of  sted  eipnlto 
122*7,  or,  say  128  of  the  mixture. 

The  following  table  exhibits  the  weight  of  the  substances  whieb 
are  expelled  daring  the  blow : — 

Pig  iron  ... 
Steel  scrap 


Steel 


Composition  of  the  23  parts ) 
which  have  disappeared  »  j 


100 

0. 
2-880 

0-600 

•290 

P. 
1-280 

Mn. 
-520 

Vs. 

94-480 

18 

•080 

— 

•009 

•008 

•068 

12W 

10 

•401 

•067 

— 

•021 

1126 

8-3» 

123 

8-261 

-727 

•299 

1-804 

Wis 

115-696 

100  contains 

-234 

— 

•078 

•022 

•522 

99-14» 

3-027      -727    -226    1282     1191      16547 


The  heat  evolved  is  thus  estimated: — 


Carbon 

Silicon 

Sulphur* 

Phosphorus 

Manganese 

Iron 


8-027 

-727 

-226 

1-282 

1191 

16-547 

23- 


Oalories. 
4,150 

7,830 

NU. 

5,868 

1,724 

1,582 


Calories. 
12,562 

5,692-4 

NiL 

7,522-7 

2,053-2 

26477-3 

54,007-6 


Sinoe  the  period  at  which  the  sample  was  taken  the  pig  employed 
is  white  and  contains  per  cent.: — C  2*75  to  8;  Si  '01  to  -03;  S'Ol; 
P  2-5  to  8;  Mn  2-5. 

The  loss  in  blowing  is  16  per  cent.  ue.  120  parts  of  it  and  spiegd 
are  required  per  ton  of  steel. 

The  composition  of  the  slag  is: — 

Silica  

Phosphoric  acid    ...         

Total  acids 

Alumina 

Lime  

Magnesia 

Sulphide  of  calcium         


Protoxide  of  iron ... 
Peroxide  of  iron  ... 
Protoxide  of  Manganese . 


5-03 
19-46 


24-49 
2-50 

49-27 
5-92 
213 

1015 
1-85 
4-36 

100-67 


*  The  chief  part  of  the  sulphur  being  found  in  the  skg  as  sulphide  of  cald"'* 
no  credit  is  given  for  any  heat  by  its  removal. 
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Another  manufticturer  gave  me  the  following  a^  an  approximate 
DommiptioQ  of  material  per  100  of  steel: — 
Composition  of  materials: — 


a       St       a 

P,        Mn. 

Ft 

B«mc  pig  iron     ,., 

3-50     1-50     *12 

175     100 

9213     =   100 

HemnUtepig      ,.. 

4-00    2*50     — 

*06     — 

93  45     -   100 

Bpiesd     

4-00     100     — 

—  20-00 

75^     =  100 

Elements  in  120  of  material: — 

BAtic  pig  iron     ,., 

110 

=  3^850  1  660  -132 

1-925  1100  101-343 

Hematite  \ng 

5 

-     -200     -126    -- 

'0O3      — 

4'672 

Spiegel 

5 

-     '200    *050   — 

—     1-000 

3750 

120 

-  4^250  rSSS     '132  1-028  2100  109766 

Sted        

100 

-     '460     -010     -06C 

•065  1200 

98'226 

Substances  fi:ipeUtid 

20 

-  380O  1 815     072  1*873     "flOO 

11540 

Heat  evolved  ;- 

- 

Gklorlefl. 

OaloriM. 

Cwbon 

3-800 

X     4450     - 

15770-0 

Silicon 

1-815 

X     7,830     - 

14,211-4 

Sulphur 

W2 

X       Nil,      - 

Nil. 

Phoaphoms   ., 

1-873 

X     6.868     - 

10.9907 

Manganese     . . 

-900 

y'     1,724     - 

1,561*6 

Iron 

11640 

X      1,682     = 

18,256-2 

30' 

60,779-9 

The  lose  m  this  case  was  named  m  l:M3ing  the  outside^  1 17  of  pig, 
L,  being  considered  as  a  practicable  nmonnt,  for  the  production  of 

►  of  steel.  This  alteration  would  reduce  the  heat  evolved  to  about 
51,600  calories. 

To  contrast  the  heat  required  in  the  Basic  process,  as  compared 
with  the  Acid  process,  we  will  aasunie  iu  the  latter  an  avei-age  c/yn- 
sumption  of  112*5  units  of  pig  to  be  needed  per  100  of  ingots:  the 
pi^^  consisting  of  105  units  of  hematite  pig  and  7^  of  spiegel. 

The  composition  of  the  materials  employed  and  steel  made  may  be 
taken  as  follows: — 


Hematito  pig 
9piefel 


4000  2-500  -026 
4'500    760   — 


'060  0-500    92-915  -  100 
—  18000    76-750  -   100 


8U(4 


*460    -100  -020      -060  MIO    96260  -    tOO 
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Hence  the  elements  in  112*5  units  of  materials  wonld  consist  of:- 

C.         81.        8.  p.         Mn.         F^ 

Pig  iron 105-     «  4*200  2625  -026      -063     525    97-661 

Spiegel 7-5  =     -337    -066   —         —    1-860      6766 


Steel 


112*5   "  4-5S8  2*681  -026      -063  1-876  103*317 
100-     »      450    -100  -020      -060  11 10    96*260 


OidorieB. 

CalociM. 

4-068 

X 

4,150 

= 

16,966-2 

2*681 

X 

7,830 

- 

20,209*2 

-006 

X 

Nil. 

« 

NiL 

-008 

X 

6368 

- 

17-6 

•766 

X 

1,724 

- 

1^18*8 

6-067 

X 

1,582 

" 

8,000-1 

12*600 

46,6109 

Disappeared  during 

blow  ...     12-6  -  4-088  2*681  -006      *003    766      6*067 

The  heat  evolved  is  computed  to  be  as  follows: — 

Carbon  

Silicon  

Solpbor         

Phoepboms , 

Manganese 

Iron 


By  estimate  the  slag  from  the  oxidized  materials  should  weigh 
about  11*52  units,  equal  therefore  to  2-80  cwts.  per  ton  of  steel  ingote. 

Such  calculations  as  those  just  given,  where  applied  to  the  blast 
furnace,  give  results,  as  to  the  sum  of  the  heat  evolved  and  appro- 
priated, which  correspond,  as  has  been  demonstrated  at  the  proper 
place,  very  closely  with  each  other.  In  the  case  of  intense  temperatoreB, 
like  those  which  obtain  in  the  Bessemer  converter,  the  problem  is  a 
more  difficult  one.  On  the  assumption  that  the  liquid  steel  has  a 
temperature  of  2,000''  C.  (8,682°  F.)  and  the  melted  pig  iron  1,200°  C. 
(2,192°  F.),  and  that  the  gases  are  given  off  at  an  average  temperature 
of  1,600°  C.  (2,912°  F.),  we  obtain,  for  the  heat  absorbed,  the  following 
results  per  100  units  of  steel  in  the  case  of  the  Horde  blow,  p.  420:^ 

Oalottei. 

2,000     X     -25      Sp.  heat     -  50,000 

2,000     X     -22  y,  -   10,864 

1.600     X     -216         „  -     1,188 

1,600     X     -245  »  »     1,908  [21,55$ 

1,600     X     -243         ,,  -   18,459^ 


100  units  of  steel 
23-6        „  slag 

3-44      „  CO, 

4-87      „  CO 

48-00      „  N 


81,989 
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^^To  iUppIjT  this  hciU  we  have: — 

^B  lit. — Th»t  c^  vol  red  a^  calculated  frntti  tlio  rc^uJt!)  given  bj 

^H  Mr  BIai$8eu<?£t  v\iL,  ... 

^H  2iuL — That  brt) light  in  by  123  of  melted  pt^  iron 

H  123  X  l^20(f  «  -228p,  heat 3^72 

^1  3rd.— That  btought  in  bj  6184  blast  k  ft7'5"t\  n 

H  237sp.  httit  m* 

Blithe 
S5te  to  c 


64.007 


—     38,021 


Hum  of  heat  eiitiinat«d  u>  l>e  ab««orbe(l 
DifferCTiCA^^ 


87,028 
Sl,d3£) 

5,069 


(Although  the  twu  sides  of  the  amount  agree  pretty  cloBeljr,  I  am  not 
\h  to  claim  absolute  t^oirectnesg  for  the  statement;  lier^inse  we  arc 
tiot  in  posBcssion  of  very  exact  data  as  to  the  speeiflc  he^it  of  bodies  at 
Auch  high  temix^ratures  as  those  with  which  we  art;  dediug.  One 
thing  however  seems  pretty  certiiin,  viz.,  that  the  heat  evolved  bj 
substances  otlier  than  iron  would  of  therai?elveK  not  suffice,  in  the 
Baflic  treatment,  U)  raise  the  temperaturt^  of  the  bath  to  the  a^ijuired 
{pint;  for  it  will  be  perceived  that,  in  this  particular  caae^  no  lei;s  than 
Mn77  calories,  or  nearly  one-half  (*f  the  whole  are  due  to  the  oxidation 
|pthe  iron.  Under  no  circumstancL^is  can  iron  he  regarded  as  mi 
qa^nomic-al  scmrce  of  fuel,  as  we  may  see  by  comparing  the  calories 

I  sloped  in  Imming  olf  that  fiortion  of  the  wmstituents  of  pig  iron 
sh  disappears  in  the  converter.  Of  all  thest^  coiistitEentt^  silicon  is 
best^and  iron  the  worst.  Adopting  the  former  as  a  standard,  and 
calling  it  tinity*  wc  have  the  followitig  heat-vahies  for  the  other 
Ixidies: — 


Phuapfaoru* 
75 


Car>xpcL ' 
60 


Manj^iew*. 


Irun. 
20 


31 


KliOOD. 
10C» 
To  obtain  the  effecvtijal  heat  produced  by  burning  these  substances, 
a  deduction  munt  be  made  to  cover  that  carried  off  by  the  nitrogen  of 
the  blast  and  by  the  gaseous  products  of  combustion.  Thus  corrected 
the  figures  stand  thus: — 


100 


Carbon 

Monsftuew 

Iron 

SuIjOmf 

f^(; 

14 

SI 

17 

12 

'  A^  burat  ia  the  cinivcrter  In  CO  and  CO* 
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A  reference  to  the  appropriation  of  the  heat  evoked  in  the 
operation  will  show  that  out  of  81,939  calories  no  less  than  21,555 
calories  are  carried  off  in  the  gases,  which  rush  with  characteristk 
violence  from  the  converter. 

The  escape  of  heat,  from  this  canse,  is  of  course  unavoidaUc;  and 
to  supply  the  waste,  as  well  as  to  maintain  a  high  temperature  in  Q» 
bath  of  metal,  the  expenditure  of  a  considerable  quantity  of  com- 
bustible is  indispensable.  As  a  source  of  heat  phosphorus  stands  next 
to  silicon,  and  by  returning  the  cinder  from  the  Basic  process  to  the 
blast  furnace  pig  containing  as  much  as  3  or  4  per  cent,  of  phoephoms 
has  been  obtained  for  use  in  the  converter.  If  however  oxide  of  iroo 
is  needed  for  acidifying  this  element  it  is  probable,  irrespective  of  any 
question  appertaining  to  heat,  that  any  addition  to  its  quantity  meaoF 
an  extended  period  of  overblow  to  rid  the  steel  of  its  presence. 

In  regard  to  the  temperature  at  which  the  blow  is  efiected.  Pro- 
fessor Akerman  states,^  that  the  greater  the  heat,  the  closer  and  more 
homogeneous,  as  a  rule,  the  metal  will  be:  besides  which  the  danger 
of  its  becoming  red-short  is  proportionately  dimished.  He  adds  it  k 
not  improbable  that  the  brittleness,  which  at  times  characterizes 
Bessemer  metal,  stands  in  some  relation  to  a  deficiency  of  heat  during 
the  process.  Lastly,  he  consider  that  a  good  heat  in  the  contents  of 
the  converter  prevents  waste,  by  avoiding  the  formation  of  scull,  and 
by  preventing  so  much  steel  being  scattered  by  the  blast  as  takes 
place  when  the  metal  becomes  sluggish  through  cooling. 

The  Basic  treatment  of  phosphoriferous  pig  in  the  converter  has  nov 
been  before  the  world  for  a  sufficiently  long  time  to  enable  us  to  judge 
of  its  future.  In  the  year  1880,  upon  the  occasion  of  a  discussion  on 
a  paper  read  by  M.  Jos.  Massenez  at  Diisseldorf,^  Bitter  v.  Tunner 
spoke  of  the  economical  view  of  the  question  being  the  weak  side  of 
the  Basic  process.  According  to  the  data  he  had  collected,  the  cost  of 
the  Basic  process  exceeds  that  of  the  Acid  process  by  12s.  6d.  to  16s. 
6d.  per  ton.  In  a  Report  prepared  by  the  same  learned  authority  for 
the  Iron  Masters  Union  of  Styria  and  Carinthia,'  it  is  stated  that  U)e 

'  Oil  the  generation  of  heat  during  the  Bessemer  process.  Trans.  Iron  and  Steel 
Inst,  1872,  p.  110. 

^  Zeitschrift  der  Berg  und  Hiitten  Knnde,  1880,  Nos.  5  and  a 
'  Trans.  Iron  and  Steel  Inst,  1880,  p.  296. 
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.  of  Bessemer  hematite  iron  in  Westphalia  is  66b.  per  ton,  while  that 

[phosphoric  pig  is  only  458.,  showing  therefoi'e  a  difiference  of  21s.  \yeT 

in  the  cost  of  the  cradc  iron*     At  the  same  time  it  is  stated,  with 

iron  tit  these  prices,  that  the  cost  uf  a  ton  of  ingots  made  by  t*he 

process  cost  15s.  H*28d.  less  thiui  ingots  made  bj  the  Acid 


[The  basis  upon  which  this  last  estimate  is  framed  supposes  the 
in  the  Acid  process  to  be  used  direct  from  the  blast  furnace, 

lie  that  for  the  Basic  process  is  i-emelted.  Exclusive  of  waste 
on,  this  probably  means  a  difference  of  Ss.  Gd,  to  3s.  per  ton. 

king  it  at  28.  8*22d.  we  have  the  extm  cost  in  the  case  of  the 

dc  process  (both  using  the  metal  direct)  standing  at  13s.  per  ton 

QgOtfl. 

In  a  paper  by  Messrs  Thomas  and  Gilchrist,  read  before  the  Society 
Lits,  about  two  years  subsequent  to  the  investigations  of  Ritter  v, 
aner,  viz.,  in  April,  1882,  the  cost  for  extra  labour,  Basic  linings, 
Urae  added  in  the  converter  is  given  at  6s.  Gd.  to  7s,  on  the  ton 
el  made*  Although  the  waste  of  iron  exceeds  in  weight  that 
red  in  the  Acid  process,  the  actual  exfjcnse  for  this  item  is 
lething  less  on  the  Basic  process  than  in  the  other,  arising  from 
I  tlie  lower  cost  per  ton  of  the  pig  iron  employed. 
^B  As  already  stated,  tlie  chemical  composition  as  well  as  the  power  of 
^Bbting  the  blow  of  a  falling  weight,  in  the  case  of  steel  mils  made 
^f  the  Basic  process,  prepares  us  for  the  expectation  that  they  are,  in 
I  €very  respect,  equal  in  quality  to  those  produced  from  the  beat 
hematite  pig  iron  by  the  Acid  process. 

The  North*Eastern  Railway  Company  have  during  the  last  four 
years  received  upwards  of  37,00n  tons  of  rails  made  by  this  method 

ithe  Eston  Works  of  Messrs.  Bolckow,  Vaughan,  &  Co.     Both  in 
[>e8  of  ordinai-y  wear,  and  on  curves  where  faulty  rails  soon  give 
way,  the  deliveries  made  by  this  firm  have,  so  fai',  fully  realized  the 
i  entertained  of  their  quality, 
ifore  than  f*nce  in  the  present  work  reference  has  been  made  to 
very  valuable  service  rendered  to  the  metallurgy  of  iron  by  the 
Qirable  luraace  of  Br.  now  Sir  William  Siemens  and  his  brother, 
at  heat  which  in  an  ordinary  reverberatory  furnace  escapes  into  the 
Ijioney  and,  so  far  as  its  own  work  is  concerned  is  so  much  loss,  is 
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returned  to  the  hearth  by  means  of  the  atmospheric  air  and  gaaeooi 
fuel  employed  as  the  source  of  heat.  This  economy  of  combiutible 
althou<]^h  important,  is  less  so  than  the  intensity  of  the  heat,  oom- 
manded  by  the  general  arrangement  of  the  apparatus;  for  we  are^  If 
its  help,  enabled  to  fuse  steel  and  even  wrought  iron  with  the  ntmoBt 
ease. 

The  idea  of  melting  wrought  and  pig  iron  in  such  proportiooi » 
to  afford  steel  is  a  very  old  one,  first  suggested  I  believe  by  Bteunnr 
above  150  years  ago.  In  recent  times  comparatively,  viz.,  40  yen 
ago,  I  assisted  the  late  Josiah  Marshall  Heath  in  making  Gnidfal& 
steel  at  the  Walker  Iron  Works  by  this  method.  This  process  woaU 
doubtless  have  been  a  commercial  success,  if  we  had  been  acquainted 
with  the  resources  of  the  Siemens  furnace.  The  application  of  tiui 
invention  to  such  a  purpose  as  that  in  question  is  so  obvious,  that  iU 
aid  was  speedily  brought  into  requisition  in  what  is  n6w  generallf 
known  as  the  Siemens-Martin  or  open-hearth  process. 

After  the  meeting  of  the  Iron  and  Steel  Institute  held  at  Ti^iDfr 
in  1882,  its  members  were  permitted  by  the  Directors  of  the  Southeni 
Railway  of  Austria  to  examine  their  establishment  at  Gratz,  oondacted 
exclusively  on  the  Siemens-Martin  system  under  the  very  exoelteit 
management  of  M.  Prochaska. 

The  works  have  a  certain  historical  interest,  for  they  were  amon? 
the  earliest,  if  indeed  they  were  not  actually  the  first,  put  down  in 
Austria,  for  the  manufacture  of  steel  rails.  In  1864,  when  I  visited 
the  place,  they  were  already  making  the  rails  they  required  of 
IJessemer  steel,  under  the  management  of  Mr.  Hall,  a  native  of 
Newcastle-on-Tyne.  A  pile  was  made  of  the  worn-out  Vignoles 
iron  rails,  and  a  hammered  steel  ingot  served  to  form  the  head  of  the 
new  rail. 

In  the  meantime  the  Siemens-Martin  process  was  being  developed^ 
and  as  the  native  iron  used  in  the  manufacture  of  the  iron  rails,  as  wdl 
as  the  pig  iron  of  Styria  and  Carinthia,  were  sufficiently  free  from 
phosphorus  to  permit  their  use  in  the  manufacture  of  steel,  the  Bes- 
semer  plant  was  discontinued,  and  the  open-hearth  mode  of  mannfadw^ 
introduced  in  its  room. 

The  fuel  used  in  the  gas  producers  is  the  brown  coal  of  Leoben. 
No  blowing  machinery  being  required,  the  boiler  fuel  consumed  in  the 
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aer  process  Ik  not  needed  in  that  of  the  open-hearth.    Making 
ttce  for  this  suraething  like  5  or  6  ci?t8.  more  coal  is  biinit  in  the 
er  operation  than  iu  the  former;  which,  tof^ether  with  additional 
our,  placefi  it  at  w  disadvanUi^e,  in  these  items,  of  about  lOs.  per 
of  ingots  U8  roiii[jnj*ed  with  the  converter.    The  open-hearth  pro- 
It  as  condacted  at  Gratz  and  elsewhere,  has  on  the  other  hand  the 
[itage  of  the  waste  of  iron  l^ein^  only  alx)iit  one-third  of  that 
in  blowing   pig  iron.      Tiiis,   togetlier   with   the  relativ^e 
^l  values  of  old  iron  rails  and  pig  ircm,  afford  so  great  a  margin 
favour   of   the   Siemens-Martin    mode  of  manufacture   that   the 
Hthem   Railway  Company  found  it  gi'eatly  in  their  interests  to 
Dve  their  Bessemer  plant  and  to  ereot  Siemens*  furnaces  in  iU 

A  similar  plan  of  UBing  old  iron  rails  of  British  make  was  Jidopted 
nth  Wales  and  probably  elsewhere.  In  this  case  however  the  old 
iai  contained  so  much  phosphorus  that  when  miicd  with  hematite 
the  resalting  mils  of!;en  contained  *2  jjer  cent,  or  even  more  of  this 
tabetanoe.  It  is  well  known  that  finished  rails  with  this  quantity 
of  phosphorus  are  apt  to  Ije  brittle.  W^iatever  the  cause  may  be,  the 
use  of  old  iron  mils  of  native  manulheture,  as  a  material  for  producing 
abeel  raUs,  has,  I  believe,  heeu  entirely  discontinued  in  the  United 
gdom. 

An  ordinaiy  charge  consisted  of  (So  ])er  cent,  of  old  Welsh  rails  and 
per  cent,  of  hematite  pig.  The  former  contained  M5H  to  *40  per 
t.  of  phosphorus  and  the  latter  *07>  The  a\'erage  of  this  mixture 
inw  therefore  about  -268  per  cent,  phosphorus;  and  the  raOs  were 
^iven  me  as  containing  actually  fi\>m  'SO  to  *20  per  cent,  of  this  snb- 
ice  and  *20  of  carbon.  If  to  these  '10  for  silicon  and  '075  tor  sulphur 
added  we  have  a  total  of  '615  per  cent,  for  the  fonr  metalloids  as 
ugainst  '730  per  cent,  and  '6*14  ixjr  cent,  given  at  pages  414  and  415 
for  Bessemer  steel.  The  manganese  in  the  steel  made  from  old  iron 
luils  and  hematite  pig  was  only  •r»47  per  cent,  against  V17H  and  1*201 
in  Uie  Bessemer  steel. 

With  regard  to  the  strength  of  a  rail  containing  such  a  quantity  of 

honts  as  that  just  named,  a  wmmon  test  to  which  an  iron  rail  is 

is  that  of  a  weight  of  1,800  lbs.  falling  4  feet,  but  a  rail  made 

Cleveland  pig  having  the  composition  given  Ixylow  was  subjected 
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to  three  blows  irom  a  weight  of  2,254  lbs.  with  a  M  of  2  feet^  S  fo 
and  4  feet  respectively,  without  being  broken.  The  total  deflecti 
was  S  inch.    The  rail  contained: — 


Carbon  ... 
Silicon  ... 
Sulphur... 
Phosphorus 

Manganese 

Iron  by  difference 


•176 
trace 
trace 
•216 

•391 

•150 

99-469 

lOOrOOO 


Reference  has  already  been  made  in  the  present  section  to  ihe  i 
that  phosphorus  is  always  to  be  found  in  an  iron  rail  to  an  extent  wl 
woaid  be  fatal  to  the  use  of  a  steel  rail.  Of  course  the  differeno 
the  conditions  between  the  two  cases  must  not  be  lost  sight  of.  As 
be  seen  at  pages  414  and  415,  Bessemer  steel  rails  contain  of  manga 
and  the  four  metaUoids  (C,  Si,  S  and  P)  nearly  2  per  cent,  of 
weight;  whereas  an  iron  rail  rarely  contains  one-half  this  quantity 
of  this  a  certain  proportion  is  to  be  found  only  mechanically  ble 
with  the  iron,  in  the  form  of  cinder,  and  not  therefore  affectii 
quality  in  the  same  way  as  if  it  were  chemicaUy  combined. 
fuUowiug  analyses  exhibit  the  composition  of  some  iron  rails  made 
Cleveland  iron,  and  received  by  the  North-Eastem  Railway  Compan 

Carbon.        Silicon.     Solithnr.    Pbosphonu.  Manfanese       Iron. 


•10 

•16 

•07 

•67 

•07 

98-93 

•08 

•18 

•04 

•61 

— 

9919 

•07 

•22 

•08 

•46 

•11 

99-07 

•07 

•16 

•05 

•43 

— 

99-29 

•17 

•20 

•03 

•42 

•06 

9918 

•06 

•16 

•05 

•40 

•08 

99-26 

•08 

•18 

•04 

•40 

— 

99-30 

•10 

•20 

•04 

•31 

— 

99-36 

•06 

•17 

•03 

•29 

— 

9946 

•06 

•19 

•05 

•28 

— 

99-42 

•08 

•10 
•174 

•02 
•046 

•23 
•400 

•028 

99-57 

veraffc  100  -  ^084 

99-269 
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considerations  render  it  not  improbable  that  in  the  fntnre 
nens  furnace  may  form  a  much  more  important  adjunct  to 
large  steel  works  for  remeltin^  than  has  been  the  case  hitherto, 
this  time,  no  quantity  of  old  steel  rails  worthy  of  notice  hag 
returned  to  the  hands  of  the  manufactuTcr;  but  in  a  few  years 
will  t>e  a  great  chun^^e  in  this  respect,  because  then  the  railway 
^xnpanies  will  be  litTtini^  annually  a  gi*eat  weight  of  worn-out  material 
om  their  permanent  way.  It  is  very  possible  l»y  that  time  that  the 
Lrails  thus  thrown  on  to  the  market  may^  to  some  extent,  be  simply 
in  an  ordinary  reverberatory  furnace  and  rolle<l  into  steel, 
used  for  purposes  for  which  malleable  iron  is  now  fi^equently 
l^loyed.  When  the  market  is  more  plentifully  supplied  with  old 
tod  rails  than  has  hitherto  obtained,  it  may  vrdl  happen  that  at  the 
ihey  will  command  this  old  material  will  be  remclted  in  the 
furnace  to  be  re  rolled  into  railway  bar's.  By  that  time  also 
tty  cx?rtain  that  the  use  of  mild  eteel  or  '*  ingot  iron''  will  have 
hly  sufferseded  the  use  of  "  welded  iron ;"  and  the  demand  for  the 
aer  will  Im  conveniently  supplied  by  fiisin^]:  old  steel  rails  with  a 
small  quantity  of  ore  on  the  plan  fii'st  practised  with  pig^  iron  by 
Sir  W.  Siemens,  at  Landore. 

It  may  be  interesting  to  consider  the  effect  on  the  market  between 
fetnming  iron  rails  having  an  average  life  of  ten  years  and  steel  rails 
bnviiig  a  life  of  twenty  years. 

tf  we  assume  new  mils  to  be  exclusively  manufactured  from  old 
,  of  which  one-third  for  tops  and  iMittums  of  the  pile  consists  of 
^  2  bars,  alx>ut  22^  to  2S  cwt4i,  would  be  coni^umed  for  each  ton  of 
^m  rails  produced.  If  in  addition  to  this  the  iron  rail  lost  7^  per 
Snt.  of  its  weight  while  in  use,  we  may  consider  each  too  of  new 

Kto  be  represented  by  24^  to  24|  cwts.  of  rail  as  originally  laid  down 
r  an  approximate  waste  of  18^  |ier  cent.,  spread  over  ten  years, 
equal  therefore  to  r85  per  cent,  per  annum. 

In  the  ciise  of  a  steel  rail»  we  may  regard  the  rcmelting  to  1)6 

Dmpanied  by  a  loss  of  B  [n^r  cent.,  and  the  sulisequent  relieating  by 

ther  loss  of  5  per  cent.     To  this  has  to  be  added  the  waste  from 

sion,  which  we  have  assumed  to  amount  to  2(»  per  cent.    With 

factors  as  a  basis  of  computation^  I  estimate  the  loss  upon  the 

Jnal  weight  of  rail  laid  down  at  about  25  per  cent,,  equivalent^  over 

:ity  years,  to  l^  i)er  cent,  per  annum. 
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There  is  however  this  difference  to  the  owner  of  a  roUing-ndll, 
whereas,  in  the  case  of  the  iron  rails,  he  would  be  called  npcm  I 
manufacture  10  ^>er  cent,  of  the  rails  in  each  year,  the  steel-mill  o 
will  only  be  required  to  work  up  5  per  cent,  of  the  rails  in  use  di 
the  same  period. 

My  friend  Mr.  T.  E.  Harrison,  the  experienced  Engineer  in  ( 
of  the  North  Eastern  Bailway,  has  estimated  roughly  for  me  tbd 
weight  of  rails  laid  down  in  the  United  Kingdom  is  7,731,000 1 
this  means  773,100  tons  to  reroll  per  annum  were  iron  rails  excliu 
in  use,  as  against  386,550  tons  were  our  lines  laid  with  steel  alom 

In  this  computation  it  is  assumed  that  old  rails  in  each  eas 
employed  exclusively  for  the  manufacture  of  new  rails.  This, 
ticularly  in  the  case  of  iron  rails,  would  not  happen;  but  it  ie 
necessary  for  our  present  purpose  to  consider  the  question  with  gr 
minuteness. 

If  we  examine  the  composition  of  the  materials  employed  ii 
Siemens-Martin  mode  of  manufacturing  steel  rails  we  shall  see 
Homething  more  is  accomplished  than  mere  fusion,  and  that  al 
metalloids  have  been  more  or  less  reduced  in  point  of  qoai 
Approximately  the  extent  to  which  this  is  done  is  as  follows  :— 

60  parts  of  iron  rails  contain... 
40        „       hematite  pig  „     ... 

100       „       steel  rails       „     ... 
licaving  to  be  oxidised  in  the  furnace  , 

The  conditions  attending  the  treatment  of  the  molten  mass  h 
open  hearth  render  the  oxidation  of  the  metalloids  a  very  slow  pn 
The  metal  is  lying  for  the  most  part  undisturbed  in  the  fur 
lience  the  combustion  takes  place  on  the  suiface  alone,  which  pre' 
more  than  two  charges  being  completed  in  the  24  hours,  giving 
1 6  to  20  tons  of  ingots,  according  to  the  size  of  the  furnace. 

The  existence  in  pig  iron,  of  6  to  7  per  cent,  of  powerful  redi 
agents,  like  carbon  and  silicon,  naturally  suggests  the  idea  of  em] 
ing  them  to  reduce  oxide  of  iron,  instead  of  being  uselessly  const 
as  they  are  in  the  Siemens-Martin  process.  This  sound  prin< 
which  was  the  subject  of  a  patent  granted  to  Samuel  Lucas  in 


c. 

Si. 

8. 

P. 

•050 

•104 

•270 

•240 

1-600 

•100 

•001 

•006 

1-650 

•204 

•271 

•246 

•230 

•100 

•075 

•230 

1-420 

•104 

•196 

•016"tota] 

SECTION  Xrv.— SUBSTA^UKS  TAKE\  UP  IN  BIJkJST  FURNACE.      43J 


dug  crucible  steeU  has  Ixjen  most  sucoessfullj  iiitnjdticed  and 
to  great  perfection,  at  Sir  W.  Siemens*  works  at  Laiidort*, 
Hwunsea.  The  pig  iron  i^  mclrt'd  iti  une  of  his  regenerative 
and,  wlicn  at  u  full  heat,  iron  oi^e  as  free  from  phot?- 
and  gulphtir  as  possible  is  thrown  into  the  bath  of  metal, 
it  ebullition  ensues;  the  carbon  escapes  as  carbonic  oxide,  and 
iicon  as  silica  passes  into  the  slag,  together  with  a  part  of  the 
iinr  and  it  may  be  a  minute  quantity  of  the  phosphorus. 
^e  result  of  the  reaction  of  the  metalloids  on  the  ore  is  such  that 
at  uncommon  to  obtain  a  weight  of  steel  nearly  eqnal  to  that  of 
pig  iron  used.  In  one  €ase,  of  which  1  have  the  particulars,  the 
ring  numbers  represent  the  nature  of  the  action  as  it  takes  place 
furnace : — 

T0U3 

rJictniLl  weight  of  iron  (Fe)  In  the  pig  iron,  including  spiegpL 

ferromaugancfte,  etc.,  introduced  into  the  furniu:^c  331*9'^ 

Ketaal  weight  of  iron  (Fe)  eBtimated  as  existing  In  the  ^tccl  .,      343*53 

Iron  reduced  from  the  ore     ...  ll'6l 


!  ore  used  was  58'li  tons  containing'  55  \*i'r  cintt.  <jf  iron 
llroti  in  the  pig,  etc.,  as  above 

Total  363-8© 


The  actual  weight  of  iron  (Fe)  delivered  to  the  process  in  the  pig 
fon,  Spiegel,  scrap,  and  ore  together  bcin^c  -363*89  tons,  and  that  con- 
ttaed  in  the  steel  l»eing  343'53  tons;  the  loss  of  iron  (Fe)  (20'30 
■)  is  equal  to  5*53  per  cent.  The  pig  iron,  spiegel,  and  scmp 
weighed  855' 7  tons,  so  that  reckoned  upon  the  steel  received  (841)*2 
una)  the  waste  amounts  to  about  2  per  cent. 

The  slag  obtained  is  highly  siliceous,  which  forbids  any  appreciable 
at  of  phosphorus  lieing  removed  from  the  iron  during  the  process. 
following  is  an  analysis  of  a  8|X!cimen : — 


iron  1810 


Silicifc             ...         

fit>  22 

Prfitotide  of  iroti 

1^057  } 

Peroxide        „ 

3-43) 

f^^Uixide  of  iimngftrifKe 

:t06 

Little 

2-30 

Plii»Hphoru^ 

frace. 

m-m 
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I  have  always  been  impressed  wifch  the  advantages  in  point 
eoonomy  of  which  this  so-called  ore  process  of  Landoie  seems  to 
susceptible,  and  the  statistics  of  the  trade  would  indicate  its  groii 
importance.  Contrasting  its  production  with  that  of  the  BesBen 
process,  we  have  the  following  figures : — 

Yem. 
1876 
1877 
1878 
1879 
1880 
1881 
1882 

Increase  of  1882  over  1876     ...        209  per  cent.  240  per  cent 

So  far  as  my  information  enables  me  to  judge,  7s.  6d.  per  ton  w 
cover  in  Great  Britain,  the  expense  of  the  additional  labour  and  ft 
in  the  open-hearth  process  as  compared  with  the  Bessemer,  as  boi 
are  carried  on  at  the  present  moment.  In  the  matter  of  iron  materii 
employed,  taking  the  average  of  hematite  pig  iron  and  spinel  as  i» 
in  the  usual  proportions  at  54s.  and  ore  at  16s.,  we  have  the  followii 
as  the  cost  per  100  tons  of  steel : — 

£       8.     d.       £    s.     d. 
112of  pig  and  Spiegel  at  54s.  ...  302    8    0 '=^  3    0    5*76  per  toR  of  steel 


Make  of 

Make  of 

OpenHewthSlnL' 

400,000 

128,000 

508,400 

137.000 

633,733 

175,500 

519,718 

175,000 

739.910 

251,000 

1,023,740 

338,000 

1,235,785 

436,000 

102i        „ 
Add  17  of  ore 


548.  ...  276  15    0 

168.  ...    13  12    0     2  18    0-84 


Total 


£290    7    0     0    2    4-92  in  favour  of  the  ore  pw 


This  calculation  shows  a  difference  (7s.  6d.  —  2s.  5-76d.)  of  abc 
5s.  in  favour  of  the  Bessemer  process,  but  the  estimate  is  based  on  1 
Siemens  furnace  making  two  charges  in  the  24  hours.  Reference  1 
been  already  made  to  the  tranquil  state  of  the  bath  of  metal  lying 
the  hearth,  being  not  very  favourable  for  the  oxidation  of  the  mel 
loids.  One  mode  of  endeavouring  to  meet  this  diflBculty  consists 
blowing  steam  through  the  iron  by  means  of  a  pipe  plunged  below 
surface.     I  was  afforded,  by  the  courtesy  of  the  owners  of  the  He 

'  Rei>ort  of  the  Iron  Trade  Association,  1881  and  1882.     The  fignres  include 
Siemens-Martin  steel,  bnt  in  it  ore  is  now  generally  added. 


*] 
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Matel  ooDtaineil 


111  Worka  in  London,  an  opportunity  of  examining  the  operation, 
Cte  pig  iron  ti^ated  contained  4*53  per  cent,  of  carbon  and  1'02  of 
^^pon.  By  the  time  the  iron  was  melted,  and  after  some  ore  had  been 
Hed^  the  carbon  stood  at  2^20  and  the  silioon  at  '037. 
"The  following  bible  showB  the  rate  of  the  disappearance  of  these 
JementB,  after  commencing  to  inject  steam  into  the  bath,  and  after  a 

Ier  quantity  of  ore  has  been  added  : — 
.  ce 


After  13  minutes  blowing  in  ateaui 

58 
73 

88 

flniabed  steel  contained  after  additioD   of 
f erromanganese 


Carboo. 
2^02 

219 

211 

197 

176 
1"66 

•065 


SUllXMl. 

*037 
•007 

•007 
•007 
•007 
^007 


.  certain  amoont  of  chemical  action  is  expected  to  be  exercised  by 
h,e  decomposition  of  the  steam,  but  against  this  has  to  be  set  the 
taling  effect  its  introduction  is  sure  to  produce,  and  in  point  of  fact 
^■d  not  learn  that  the  operation  as  a  whole  was  materially  shortened. 
Ha  mora  promising  modification  of  the  Siemens  furnace  for  the 
Kduciion  of  steel  is  that  known  as  the  Pernot  system.  In  it  Lhe 
Iftuth  is  set  on  the  slope  and  is  made  to  revolve;  by  means  of  this 
H^ment  fresh  surfaces  are  continually  exposed  to  the  action  of  the 
TO  and  the  atmospheric  oxygen.  I  believe  that  it  is  to  the  enterprise  of 
He  managers  of  St,  Chamond  near  St.  Etienne  that  we  are  indebted 
or  what  progress  has  been  made  in  this  new  development  of  the  open- 
^^ibarth  proceas.  At  this  establishment  furnaces  capable  of  holding 
B  tons,  and  others  equal  to  25  tons,  are  employed;  and  appeared  on 
the  occasion  of  my  visit  to  be  working  very  satisfactorily.  Local 
drcumstances  formed  the  reason  assigned  for  using  pig  iron  and 
Bcrap  ateel  without  any  admixture  of  ore;  so  that  it  was  at  that  time 
an  adaptation  of  the  Pernot  furnace  to  the  Siemens-Martin  process 
«rhich  was  in  progress.  My  late  friend,  Alexander  L.  Holley,  carefully 
Bxamined  the  work  as  it  was  Ijeing  performed  at  the  St.  Chamond 
(vorks,  and  in  a  paper  he  describes  its  action.* 

The  average  duty  in  1877  over  four  weeks  was  8'27  charges  in 
wenfcy-four  hours  instead  of  two  charges  as  in  the  case  of  the  simple 

^XmtuL  AiDencan  Inatitute  of  Mining  En^neer*,  1879|  Vol,  Vll„  p.  241. 
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rtgmeimiiv^  tarmce  of  Siemens.  In  place  of  using  12  cwts,  of  ccti 
pw  Urn  t*f  ingoUt,  8  t«>  U  cwU.  sufficed.  In  the  year  1879  the  average 
umnhvr  nf  chiirift^u  wiis  4*09  per  twenty-four  hours  and  the  coal  vru 
h'KM  lUnn  H  cwtH,  t<p  Llif  t<iii  of  ingots;  in  every  ease  the  iron  aud  sc^mji 
MliH'l  luiii^  cluiixed  e*>lrJ  into  the  j>reheating  chamber. 

Opluioim  aro  very  much  divided  respecting  the  quality  of  iht 
[>rn(hitiL  of  llin  iHH»ruhearLh  process,  as  compared  with  that  of  tbe 
H(»MW'iiH>r  oouvcrter.  It  k  alleged  thut  the  lengthened  period  over 
whieh  Uio  formiT  proeesa  is  cxt-ended  isgrcatly  in  favour  of  command- 
iii^r  lui  uniformity  of  coinpodtiou  in  the  steel  entirely  beyond  the 
muifi  of  tlic  lattivr.  I  have  endeavoured  to  asoertaia  the  groondi 
upon  which  {}m  claim  a^s,  hy  a  reference  to  the  amJjBeBmade  in  the 
NuHli*Biiit«ni  Ruilir^r  Mid  Clareuce  laboratories;  then  are  giicfi 
below: — 


«        itt 


i-u 


m        'U 


9»^ii 


-Of 


^kiiVtf 
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I  The  composition  of  steel  and  iron  differs  too  much  to  enable  us  to 

^w  any  8atisfact«:ay  (x>inparison  liotween  the  two,  so  as  to  infer  fchore- 

any  saperiority  of  quality.     Thus  steel  from  its  nature  cnnuiinB 

:^  carbon,  and  from  circumstancea  cotmectcd  with  its  manufacture 

icher  in  manganese.     Of  the  tlnxic  elements  (Si,  S,  and  P)^  which 

known  to  weaken  kith  f^  >rras  of  the  metal,  steel  in  the  examples 

enjoys  some  advantage.    The  averages  stand  as  follows: — 

Opeua-bearth  Ste^.      Iron.  Bomemer  Steel* 

J^ilicon,  sulphur  and  phoRphorua...        *147          '274  '278          *iU 

Carbon         ...         ,..         .,.          ..       -266          ^2  452           460 

Miuiganese 567          -024  M78        1-201 

lrc.n...                                               -  9Q021       99610  98-092      yslSS 


100' 


100- 


100* 


100* 


Again  it  may  be  pointed  out  that  in  the  puddling  process,  of  these 
bfal  ingredients  which  are  sought  to  be  expelled,  all  but  -274  per 
?nt.  of  the  total  weight  has  disappeared  in  the  case  of  the  iron-      In 
respect  the  open-hearth  steel  gives  more  favourable  results  than 
Bessemer  steel,  and  this  with  a  smaller  propMion  of  manganese, 
her  this  difference  in  the  content  of  the  hm-tful   ingredients 
i  to  account  for  the  alleged  superiority  of  open-hearth  steely  or 
etbiT  it  is  due  to  some  difference  in  the  quantity  of  gas  *>ccluded 
[the  steel  in  the  open-heaii/h,  I  am  unable  to  say. 

the  few  sentences   respecting  the  comparative  eicelleiia.!  of 

fter  and  open-hearth  steel,  I  am  not  venturing  upon  any  opinion 

fmy  own,  my  intention  being  confined  to  an  endeavour  do  account 

^  that  which  is  asserted  by  others,  w^ho  have  had  more  ample  oppor- 

\k\ty  than  myself  of  judging  of  the  respective  merits  of  both.     In 

where  the  steel  has  to  be  exposed  to  great  strain,  either  in 

ring  it  for  its  future  application  or  when  so  applied^  engineers 

infrequently  stipulate  for  open-he^irth  steel  being  employed.     At 

same  time  I  have  personally  met  with  innumerable  instances  in 

ieh  Bessemer  steel,  in  both  the  respects  refen'ed  to,  left  nothin^^  ti» 

fdesired. 

Until  the  time  of  Sir  Henry  Bessemer's  invention,  steel  was  known 

^*ii  commerce  in  comparatively  very  limited  quantities;  and  a  short  time 

^   Examples  given,  pp.  414  and  415. 
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anterior  to  that  period  its  use  was  chiefly  confined  to  those  pnrposee, 
such  as  engineers'  tools  and  cutlery,  for  which  high  prices  could  be  paid 
without  inconvenience  to  the  consumer.  Although  pig  iron  oontaioed 
far  more  than  the  proportion  of  carbon  required  to  constitute  steel,  it 
was  found  necessary  to  incur  the  loss  due  to  burning  off  the  whole  of 
this  element,  in  order  to  free  the  product  from  those  other  substances 
which  affected  prejudicially  the  quality  of  an  article  required  for  the 
purposes  above  mentioned.  This  was  so  essentia]  to  success  that  not 
only  were  the  purest  ores  selected  for  the  purpose  of  manu&ctnring 
the  pig  iron,  but  the  malleable  iron  was  obtained  in  the  low  charcoal 
hearths  mentioned  in  Section  XII.,  so  as  to  eliminate  the  silioon^ 
sulphur,  and  phosphorus  as  completely  as  possible  from  the  bar.  The 
malleable  iron  thus  obtained  had  a  portion  of  carbon  returned  to  it  bf 
the  well-known  process  of  cementation,  and  the  resulting  steel  was 
melted  in  crucibles.  Little  is  known  of  the  early  histoiy  of  the  cementa- 
tion process  and  nothing  of  the  date  of  its  introduction.  It  still 
continues  to  be  the  source  of  the  finer  kinds  of  steel,  although  it  i5 
stated  that  a  good  deal  of  the  crucible  steel  made  at  the  present  day, 
instead  of  being  Swedish  or  Russian  iron  converted  by  cementation, 
consists  chiefly  of  Bessemer  steel  melted  in  crucibles. 

It  is  believed  that  the  most  ancient  method  known  for  making 
steel  is  an  invention  of  Hindoo  origin.  In  it  fragments  of  wrought 
iron,  made  in  the  rudest  way  direct  from  the  ore,  by  means  of  charcoal, 
was  melted  in  pots  in  the  presence  of  vegetable  matter.  The  resulting 
steel  is  known  in  the  market  as  '^  wootz,"  and  containing  as  it  does 
nearly  1*75  per  cent,  of  carbon,  possesses  great  hardness. 

On  referring  to  the  diagrams  given  at  page  388,  it  will  be  seen  tiiat 
when  pig  iron  is  exposed  to  the  action  of  the  refinery,  or  of  the  puddling 
furnace,  silicon  and  phosphorus  are  separated  sooner  than  the  carbon. 
It  is  true  that  the  two  first  named  elements  are  never  entirely  remored 
by  either  of  the  processes  referred  to:  but,  inasmuch  as  pig  iron,  in 
passing  to  the  condition  of  malleable  iron,  must  pass  through  what 
may  be  considered  an  intermediate  condition,  viz.:  that  of  steel,  the 
process  only  requires  to  be  stopped  at  that  point  to  obtain  this  form  of 
the  metal. 

Many  years  ago  I  witnessed  the  manufacture  of  steel  in  Bhaudi 
Prussia  as  performed  in  a  small  refining  fire.    The  hearth  was  about 
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Bt  sqnare,  the  fael  uaed  was  a  mixture  of  charcoal  with  a  little  coke^ 
m\d  the  material  treated  was  the  pig  iron  ap*^  |.iiegel-eisen  of  the 
ctAimtry.  To  this  was  added  a  portion  of  sla^,  w»btaincd  from  previous 
ojierations,  together  with  a  cu  "^in  quantity  of  iron  ore.  The  iron  as  it 
melted^  meetiuf^  witli  the  blast  and  fused  cinder,  became  decarburized, 
and  acquired  a  pasty  state;  when  fresh  pig  was  added  according  to  the 
ji^gment  of  the  workman.  As  may  be  imagined,  the  process  was 
Bbewhat  uncertain  in  its  results,  and  depended  greatly  on  the  skill  of 
He  finer.  The  of»eration  lasted  about  eight  hours,  and  the  mass  of  steel 
^fite  withdrawn  in  tlie  form  of  a  flat  cuke,  which  weighed  about  6  cwts. 
4t  was  flattened  under  a  hammer,  and  broken  into  pieces  of  about  1  cwt. 

t\u  These  were  heated  by  the  spare  heat  of  the  succeeding  charge,  and 
w*n  out  under  the  hammer  into  the  form  of  bai-s.  The  quantity  pro- 
duced per  week  from  each  fire  was  about  :^  tons,  with  a  consumption  of 
aething  like  20  to  22  cwts.  of  charcoal  for  each  ton.  For  every  100 
of  steel  bars  obtained,  about  140  of  pig  iron  was  c^jusumed:  it 
therefore,  it  will  be  j^erceived,  a  waste  lb  1  process  both  in  the  matter 
I  fuel  and  metal.  The  product  was  sorted  at:cording  to  quality,  the 
ortions  averaging  about  two-thirds  of  high  quality,  and  the 
aaindor  of  an  inferior  destrription.  The  very  radeness  of  the  process, 
jdving  rise  to  a  large  production  of  cinder,  tended  to  remove  the 
^karities  from  the  pig  employed,  which  moreover  was  originally  of 
^ftellent  quality.  Tliis  and  the  presence  of  the  manganese  in  the 
Bpegel  enabled  the  German  manufacturera  of  Siegerland  to  furnish  a 
very  high  class  quality  of  steel  in  the  primitive  appliances  referred  Uk 
■  We  have  thus  seen  how  the  ancient  hearth,  which  in  succession 
^H  been  employed  for  obtaining  malleable  iron  from  the  ore  and 
^Hleable  iron  from  pig  iron,  was  also  used  for  producing  steel  from 
^k  iron.  The  puddling  furnace  has,  in  its  iwm,  Ix^en  enlisted  in  the 
^ne  sei^uejice  of  services.  Inveuted  originally  by  Cort  for  the  con- 
^kion  of  pig  into  malleable  iron,  it  was  sought  by  Clay  some  50  to  60 
^ks  aftei-wards  to  employ  it  as  a  means  of  avoiding  the  use  of  the 
^fct  funuwje  by  reducing  the  ore  at  once  into  wrought  iron.  This 
^By  like  all  the  direct  processes  hitherto  tried,  a  commercial  failure. 
^Bwas  othei'wise  with  an  attempt  to  apply  the  same  principle  to  the 
^Bddltng  funmce,  which,  for  many  years,  had  been  in  successful 
^■ration  with  the  finery  as  shortly  described  above,  the  idea  being 
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nirnply  l^o  nUjp  the  fining  prooeas  before  complete  (or  rather  all  litit 
r!ompIrjtc)  deo*rijitrixjition  had  taken  place.  Although  this  mode  'if 
[)r(K!<iciii|^^  Btct'l  had  l)een  tried  in  Austria  and  Gcinimiiy  so  early  a«  18S.% 
I  fiavo  no  recjfjllection  of  having  ever  heard  of  it  before  the  yearof  tbe 
fli'st  Intt-niatidnal  Exhibition  in  London  (1851).  The  practise^  after 
l\ui  iron  Ijucaine  fluid  in  the  paddhiig  furnace,  was  to  lower  the  diiLm])er* 
vf\\\vh  cniibled  the  workman  thoroughly  to  incorporate  the  iron  n&d 
oindori  nmtlrrLHl  less  liquid  by  the  cooling,  so  as  thereby  to  remove  th'* 
Hiltnoa  and  phtisphonis  more  efrectually  than  was  osoally  aocomplifibed 
by  the  ^vnlinary  method  of  paddling.  It  seems  to  me  posaiUe  Uiit 
thin  rodtiotion  of  the  iemperatore  of  the  fmnace  might  alto  acini  & 
lUtMoa  of  i^tainc^g  the  miAton^  and  tlierefine  of  pmerrtiigUiefliiidi^ 
uT  Ibe  oMlal  in  the  nuumer  wmMmed  when  deacriMng  the  p^oom  <f 

Tim  Irta  Mr.  Buf]r«sf  BlMr  Tak  gif«  ll»  ooaopoaitioii  of  paddlof 
iliel  mA  thai  of  the  ^i«f  pg  in»  wmi  m  iha  wtuuActamL    Thcf 
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I  The  quantity  of  puddled  steel  made  was,  at  one  time,  not  incon- 
^nible;  and  but  for  the  introduction  of  the  Bessemer  process  niight 
^  become  a  very  important  branch  of  industry.  Such  steel  as  that 
^he  composition  just  named,  if  melted  in  a  Siemens  furnace,  would 
fe  afforded  an  excellent  material  for  the  top  of  a  rail,  and  in  former 
rs  might  have  been  prcjfitably  employed  for  this  purpose* 
Referencse  was  made  in  Section  IL  (p.  10),  to  the  same  funiace 
^ng  been  employed  in  comparatively  recent  times,  as  a  means  of 
lining  wrought  iron,  pig  iron,  and  also  steel.  For  this  threefold 
the  furnaces  probably  occupied  an  intermediate  p^isition  in 
point  of  size  between  the  low  hearth  and  the  Stiiokofeii  or  Blauofen. 
Dr.  Percy,  in  his  admirable  work  of  refei'enoe,*  mentions  that  the  process 
•>f  reduction  can  be  so  conducted  in  the  low  hearth,  the  most  ancient 

In  of  furnace  known  to  us,  as  to  produce  fer  aciermx  or  steely 
u  By  a  still  further  modification  of  the  opemtion,  more  carbon 
made  to  unite  with  the  iron  and  steel  was  then  obtained*  The 
lity,  it  is  true,  was  irregular,  but  in  the  absence  of  Ijetter  methods 
at  is  not  improlmble  that  the  Catalan  or  analogous  fire,  may  have  been 
used  in  very  remote  ages  for  the  production  of  the  material  for  tools 
required  in  the  construction  of  the  oldest  Tiu>niiment8  of  stone  with 
lich  we  are  acquainted. 


POSTSCRIPT. 

pages  mention  was  made  of  the  fact  that  the  heat  in  an 
at  of  steel,  as  drawn  from  the  mould  into  which  it  had  been  poured 
from  the  converter,  would,  if  cfiually  distributed  through  the  mass, 
ble  it  to  be  converted  into  a  rail.   Some  few  years  ago  Mr.  Alexander 
Dson,  of  the  Dronfield  Steel  Works,  near  Sheffield,  infonned  me  that 
\  had  succeeded,  by  transferring  the  liot  ingot  quickly  into  a  furuiice, 
[delivering  it  to  the  mill  at  an  expenditure  of  only  half  a  cwt.  of  coal 
of  rails  made:  indeed  he  had,  if  I  remember  rightly,  rolled  an 
ato  a  rail  direct  from  the  ingot  mould.    The  consumption  of 
reduced  to  so  small  an  amount,  it  was  foimd  more  profitable 
wmtinne  to  use  the  furnace  for  reheating,  after  which  the  rail  was 
iIW  off  without  farther  prepai-ation. 


^  Iron  and  Steel,  p.  7HV 
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At  the  Vienna  meeting  of  the  Iron  and  Steel  Institate,  held  in 
1882,  Mr.  John  Gjers  describes  a  plan  of  his  own  for  avoiding  the 
reheating  of  the  ingots.  A  series  of  holes,  or  '^  soaking  pits'*  as  be 
calls  them,  sunk  in  the  ground,  are  lined  with  fire  brick.  Into  tiiese 
the  hot  ingots  are  introduced  as  rapidly  as  they  can  be  got  from  the 
ingot  moulds  and  covered  with  an  iron  plate.  The  brickwork  is  speedily 
raised  to  a  good  red  heat  by  the  hot  steel,  so  that  the  ingots  after 
half  an  hour's  exposui^  in  the  pits,  become  equally  hot  throngfaout 
and  are  then  taken  direct  to  the  roUs  without  being  passed  into  anj 
furnace.  Owing  to  the  state  of  the  machinery  at  the  Darlington  and 
West  Cumberland  Works,  where  the  plan  has  been  in  operation  for 
some  time,  it  has  not  been  found  convenient  to  finish  the  cogged 
ingot  into  a  rail  without  submitting  it  to  a  wash  heat ;  but  it  is  oon- 
fidently  expected  to  accomplish  this  when  the  rolls  and  other  appliftooa 
are  provided  of  suitable  strength. 
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SECTION  XV. 


STATISTICAL. 

I  fourteen  preceding  Sections  in  these  pages  have  dealt  exclusively 
some  of  the  theoretfai!  and  practieiil  questions,  which  chiefly 
terest  those  who  are  actually  ent^aged  in  the  manufacture  of  iroii» 
It  is  proposed  in  the  remaining  divisions  to  c<:>nsider  certain  facte 

» figures  more  Galculated  to  interest  the  trader  and  eoonomist  than 
maaufactnrer,  yet  of  sufficient  ioiportance  to  he  included  in  a  work 
r  a  more  purely  technical  character. 

As  stated,  in  the  opening  remarks  of  this  volume,  it  was  a  desire 
Epressed  by  certain  friends  to  receive  some  report  on  the  man tifac tare 
f  iron  in  foreign  countries  which  led  to  its  compilation.  It  was  con- 
idered  by  them  that  the  discharge  of  my  official  duties  at  the  Inter- 
t»nal  Exhibitions  of  Paris  and  Philadelphia  would  have  plained  ample 
erittls  at  my  command  for  the  preparation  of  such  a  ruporl  as  that 
to.  It  is  however  open  to  question  w  hether  such  displays  as 
t  juBt  mentioned  afford  the  true  means  of  arriving  at  very  correct 
JusionB  respecting  the  conditioe  of  this  branch  of  industi7  in  the 
enfc  exhibiting  nations,  The  necessary  inlbmiation  tor  such  a 
>  can  only  be  obtained  by  a  more  minute  examination  than  that 
ied  by  a  mere  inspection  of  samples  of  worlcmanBhip  exposed  to 
iew  upon  such  occasions.  Although  the  work  when  specially  prepared 
^  the  purpose  may  not  represent  an  average  make  of  the  exhibitor, 
[  tx>llection  of  specimens  as  were  to  be  foimd  at  Paris  and  Phila- 
>hia  are  most  useful  to  those  who  are  desirous  of  studying  the 
of  a  manufacture  like  that  of  iron.  Articles  of  the  metal  as 
as  of  steel  were  shown  in  both  cities  in  which  mere  magnitude 
^ed  the  iKjasession  of  the  mechanical  means  of  dealing  with  such 


442  SBCTION  XV. — STATISTICAL. 

masses  as  are  only  to  be  found  in  establishments  of  the  highest  im^ 
portance  and  development.  Various  modes  of  testing  the  quality  a» 
adopted  which,  from  the  expense  and  labour  attending  them,  are  oolj 
practised  when  it  is  certain  that  the  results  will  be  carefolly  inspected 
by  a  numerous  class  of  competent  ju(^es.  Besides  these  modes  <^ 
affording  instruction  to  those  interested  in  acquiring  it^  questioni 
bearing  on  the  purely  scientific  aspects  of  this  branch  of  metallargf 
were,  on  both  occasions,  largely  illustrated  by  a  well-chosen  aerieB  of 
examples. 

So  far  as  the  word  ''international"  is  concerned^  as  applied  to  aa 
exhibition  of  iron,  in  its  various  forms,  the  title  is  perhaps  some^^ 
exaggerated.  When  prominence  in  manu&cturing  skill  has  to  be 
manifested  by  the  display  of  an  armour-plate  of  40  tons^  or  a  cast-ited 
ingot  of  100  tons,  as  was  done  at  Paris,  firms  at  a  distance  natnndlf 
shrink  from  encountering  the  expense  of  sending  such  ponderoos 
masses  far  away  from  home.  Under  such  circumstances  the  iron  sec- 
tion, in  point  of  extent  and  completeness,  is  chiefly  an  exhibition  of  the 
products  of  the  country  in  which  the  gathering  is  held.  In  my  Beport 
to  Her  Majesty's  Government  on  the  International  Exhibition  at 
Philadelphia,  I  remarked  on  the  poverty  which  was  so  oonspicnoos  in 
the  number  and  character  of  the  specimens  of  iron  sent  from  Great 
Britain,  notwithstanding  the  fact  of  its  being  the  largest  produoer  of 
the  metal  in  the  world.  In  like  manner,  in  an  excellent  report  to  the 
Government  of  the  United  States  on  the  Paris  Exhibition,  my  friend 
the  Hon.  Dan.  J.  Morrell  laments  the  absence  of  American  prodocto 
from  the  vast  buildings  in  the  Champ  de  Mars. 

In  one  respect  it  must  be  admitted  that  the  French  stood  oat,  if 
not  foremost,  certainly  very  conspicuously  in  the  world  as  mann&o- 
turers  of  iron;  viz.,  in  the  scientific  completeness  with  whidi  tbej 
presented  the  information  intended  for  the  use  of  visitors.  This  com* 
pleteness  was  not  limited  to  the  mere  objects  of  manufacture  thesi' 
selves,  but  embraced  the  locality,  the  natural  conditiona  and  tli0 
method  of  extraction  of  the  raw  materials,  models  and  drawings  of  tte 
machinery  employed,  as  well  as  minute  descriptions  of  the  prooesBeiy 
and  detailed  accounts  of  the  condition  of  the  workmen  engaged  in 
conducting  them.  No  doubt  in  these  respects  this  nation  was  do&if 
followed  at  Paris,  by  the  ironmasters  of  Sweden  and  Belgium,  and  bf 
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Btablishments  of  the  Austrian  Government ;  but  on  the  whole  I 
Sstion  whetlier  anyone  wUl  dispute  the  place  of  honour,  at  all  events 
^liat  occasion,  with  the  F>ench. 

^)eflcnptioii8  of  what  was  to  be  seen  in  the  way  of  iron  metallurgy  in 
hiladelphia  in  187G,  and  in  Paris  in  1878»  have  been  so  amply  supplied 
f  my  friends  Messrs.  Akermun,  Morrel!,  Tnmier,  and  Weeding,  that 
do  not  propose  to  extend  my  labom^  by  referring  in  detail  to  my  own 
ngthened  experience  at  either  of  these  exhibitions,  but  rather  to  make 

t experience*  mefnl  in  the  preparation  of  what  follows  in  the  suc- 
ng  Sections  of  this  work. 
■he  progress  which  Great  Britain  has  made  in  the  means  of 
sonomising  the  production  of  iron  and  steel  has  made  itself  apparent 
i  the  enormous  increase  of  its  annuul  make.  One  hundred  and  forty 
e&rs  ago,  ie.,  in  1740,  the  make  of  pig-iron  in  the  United  Kingdom, 
I  we  have  seen,  was  under  20,000  tons — in  1880  it  was  7^  million 
ins.  With  the  means  at  the  disposal  of  the  iroo  manufacturers 
I  1740  it  would  have  been  physically  impossible  to  have  achieved 
iifl  result*  To  effect  what  has  been  done  charcoal  has  had  to  giv<; 
laoe  to  coal,  a  change  first  successfully  accomplished  by  Abraham 
karbj;  James  Watt  had  to  place  the  steam-engine  at  oor  disjxjsal, 
kirt  had  to  teach  the  puddling  process,  Neilson  the  use  of  hot 
ir  in  the  blast  furnace,  and  Bessemer  the  pneumatic  mode  of 
Bteel 
^eae  discoveries,  the  offepring  of  British  invention,  were  rapidly 
abroad  j  and  if  the  United  Kingdom  is  still  far  ahead  in  the 
ihtity  of  iroTi  produced,  this  has  not  prevented  alarm  lieing  felt  lest 
l^re  at  length  being  overtaken  in  the  i-ace.  As  an  instance,  it  was 
^■Itty  stated  in  the  public  prints,  that  Belgium  wSsS  outstripping  us 
^Bconomy  of  manufacture,  because  Cleveland  pig  iron  was  being 
^verted  in  Belgian  works  into  wTOUght  iron  girders,  and  then 
^Bhted  to  Loudon  and  sold  at  a  cheaper  rate  than  the  rolling  mills 
•J^  "England  could  supply  them.  Now  Cleveland  pig  iron,  it  is  true,  is 
ittiported  into  Belgium  from  MiddlcBbrongh  for  foutulry  purposes;  but 
ji^jgirders  sent  to  England  tire  maile  of  an  entirely  different  deacrip- 
^B of  pig  iron,  smelted  on  the  spot  in  Belgian  furuaoes,  Neierthe- 
^H  there  is  no  doubt  that  in  late  years  our  foreign  trade,  relatively 
^Bdng,  has  l)eeu  gi'eatly  encroached  upon.     This  will  best  be  seen 
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by  an  examination  of  the  figures  contained  in  tiie  sabjoined  tabk,^ 
which  shows  roughly  the  proportion  of  pig  iron  made  in  Great  Britia 
and  elsewhere,  the  figures  representing  thousands  of  tons: — 

1871.  1872.  1873.  1874.  187&  187S.  1877.  187&  ISTI.  Um  IML  m 
Greal  Britain  ..  6^627  6.741  6.566  5.991  6.366  6^566  6,608  6^300  6^009  7,711  MIT  i0 
Other  ooontries  ..    5.399    7.165    7.604    7.060    6,776    6,374    6,823    74B6    7J89    9.TM  10.SB  ll.ir 


Tota]    ..        ..  12.026  13,906  lil70  13,061  13,141  13.929  13,430  13,565  13,768  17,486  U;98B  »m 

Peroenta«e  of  whole 
made  In  at.  Britain 

66i 

484 

464 

46 

48i 

501 

491 

461 

44i 

44 

411 

« 

Do.  in  other  countries 

441 

6U 

»Si 

54 

61i 

49i 

501 

m 

«% 

561 

SB| 

4 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

m 

m 

Thus  it  will  be  seen  that  twelve  years  ago  (1871)  we  produced 
about  (6,627,000—5,899,000)  1,228,000  tons  more  than  all  the  reel  1 
of  the   world  put   together,  and  we  end  in   1882  by  prodaciiig  | 
(11,682,000—8,493,000)  3,089,000  tons  less  than  the  joint  prodnoe 
of  other  nations. 

Approximately  our  exports  of  all  kinds  of  iron  have  been  as  fol- 
lows (in  thousands  of  tons): — 

ISn.    1872.     1873.    1874.     1875.    1876.    1877.    187&    1879.    1880.    188L    Ml 

Aipig 1,061    1,331    1.142       774       947       910       881       924    1,223    1,632    1,40   U> 

Other  Idnda  reduced 
topig* 

Left  for  home  con- 
sumption*   . . 

Total  make  of  United 
Kingdom 

^  Report  of  the  British  Iron  Trade  Association,  1882,  page  ISa  Oorrectei 
when  necessary,  approximately  to  tons  of  2,240  lbs.  avoirdapois. 

*  In  the  figures  setting  forth  the  quantities  produced  in  •*  other  coontrk^ 
certain  corrections  have  h^l  to  be  made  in  the  numbers  given  in  the  Report  cf  tki 
Iron  Trade  Association.  It  is  not  until  1 88 1  that  the  production  of  the  Gema 
Empire  is  given  as  a  whole  when  there  is  a  sudden  increase  of  about  one  nulfifli 
tons  in  the  column  (p.  138)  previously  given  as  Prussia.  On  referring  to  Pediif't 
'*  Coal  and  Iron  in  all  Countries  of  the  World"  I  iind  that  the  quantities  ezoeei 
those  in  the  Report  referred  to,  beginning  with  an  excess  of  194,000  tons  in  1871 
and  ending  with  477,000  tons  in  1876.  Pechar  ends  his  account  with  1876,  so  tkit 
between  that  year  and  the  end  of  1880  I  am  without  any  data.  I  have  therflfon 
divided  equally  the  difference  among  the  four  years  which  intervene.  In  AuftfO* 
Uimgary  there  is  a  blank  for  1878  which  is  filled  up  with  400,000  tons.  A  naajtt 
omission  for  1882  occurs  for  Sweden  and  Austro-Hungary  together  for  wlikk 
1,000,000  tons  have  been  inserted. 

'  Obtained  by  adding  25  per  cent,  for  waste  to  the  weights  exported  as  given  ii 
Report  of  Iron  Trade  iUsociation. 

*  These  numbers  disregard  any  alterations  in  the  quantity  of  stooks  of  iroo  i* 
hand. 


2.63S 

2.863 

2.368 

2.141 

1.888 

1.642 

1.8SI 

1,715 

2,075 

2.893 

un  x« 

3.696 

3,894 

3.410 

2.915 

2,835 

2.552 

2,7U 

2,699 

3.296 

«4K 

i4M  isa 

8,931 

2.847 

3,166 

3.076 

3.530 

4,003 

3.806 

3.661 

2,711 

8,196 

4.m  tm 

6,627 

6.741 

6.566 

5.991 

6.366 

6,565 

6.608 

6.300 

6,009 

r.G21 

Bjm  tM 
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statistical  tables  of  the  British  iron  trade,  upon  which 
;  Krfes  of  calculations  have  been  based,  give  the  following  as 
[exports  of  pig  ii-on  alone  from  rlifierent  countries  dnriug  the  ten 
pears  ending  1880  (in  thousands  of  tons) : — 


len.    im. 

1S73.     1E71     tm,     1878.      1877,     1878.     1878. 

1880,' 

Praftt  BaiUio  »  ttbore    UOGl      1,331 

1.143      m     ni     m     m     m    i,« 

1.639 

305        356        4»        38d        4fil        409        517 

m 

Toul      .-      ..   hm    hm 

1,447     1,139      hWS     1*390     1,333     1,3SCI     1J40 

UU 

Considered  as  perocnttiges. 

we  have  the  following  numbers: — 

187L       1872.      IB73. 

1874.       187a.      1876.      1877.         1874      187». 

1880, 

BribUn     ..       63|         831         7» 

eSk         071          70         66           e^         70 

7B 

oMintri«B..       161          m          ^ 

Sli          3il          30          34           331          ^ 

34 

100 


100 


100« 


tables  clearly  show  that,  although  Great  Britain  in  the 

actions  of  the  ten  years  has  largely  increased  her  exports  of 

[ironi  yet  foreign  countries,  ehiefiy  (termany  it  may  be  observed, 

oad  more  than  their  former  share  of  the  additional  quan- 

by  importint^  nations.      Thus  while  the  increase  of 

'Great  Britain  amounts  to  only  about  56  per  cent,  on  the  exports  of 

1871,  that  of  other  countries  is  no  less  than  136  per  cent.     Of  course 

dne  allowance  must  be  made  for  the  cii'cumstance  that  the  percentage 

idition,  in  the  case  of  other  nations,  is  on  an  initially  small  quantity; 

^ftctual  incre^ises  being  571,000  tons  for  Great  Britain  against 

|i,000  tons  collectively  for  other  countries. 

Practically  the  increased  production  of  iron,  during  the  ten  years 

&r  oonsiderationi  has  arisen  in  four  countries  as  follows  (in  thou- 

1  of  tons) : — 


take,  ISaO 

1871 


i£  ci  increa«e 
percent. 


Greab 
BriUio. 

7,721 
6.627 

1,094 

I   164 


UnibedSUItft, 
^ot  Toua 
3,000  ItM, 

4,295 
1,911 


2,384 
124f 


1^50 
1,297 

653 

60i 


1,733 

874 
102 


16,699 
10^694 

6,005 
Avemge...    46f 


The  last  tlirev  jean  contain  »ouie  blank*  wliich  have  been  filled  up  witb  as- 
"  numbers, 

»  The  bfcst  thro*;  yearR  are  ^ven  partly  bj  ostiiuate  owing  to  no  return*  being 
ird  for  st»ine  of  the  countries. 
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By  far  the  most  remarkable  among  these  increajaes  is  that  of  fa 
United  States;  and  of  this  more  than  one-half,  or  a  total  of  1,225,000 
tons,  took  place  in  the  last  year  of  the  period  referred  to. 

The  make  of  pig  iron  in  the  United  States  has  farther  been  nuds- 
tained  daring  the  two  sacceeding  years,  the  weight  produced  beings- 
Net  tom. 

For  1881  4,641,676 

For  1882  5,178,121 

Thns  while  in  1871  the  make  of  the  American  Union  was  onlf 
26  per  cent,  of  that  of  Great  Britain,  it  has  grown  for  the  two  yam 
just  recorded  to  52^  per  cent,  of  that  of  this  country,  an  inoeiR 
unparalleled  in  the  history  of  the  iron  trade. 

With  the  figures  just  given  before  us,  it  seems  quite  idle  to  shift 
our  eyes  to  the  fact  that  the  supremacy  we  have  long  held  as  an  inn 
making  nation  is  threatened  with  a  permanent  abatement,  at  all  evente 
in  point  of  its  relative  extent.  No  one  who  has  examined  the  iron- 
works in  Europe  or  America  can  deny  that  they  are  managed  by  men 
who  in  science  and  skill  are  our  equals.  The  question  therefore  resolTH 
itself  into  one  of  the  relative  natural  advantages  possessed  by  Greal 
Britain  and  her  competitors;  that  is  to  say  into  the  relative  abundance 
and  facility  of  extraction  of  the  necessary  minerals,  and  the  rdatire 
case  with  which  they  can  be  brought  together  and  the  product  con- 
veyed to  the  market. 

In  endeavouring  to  define  the  circumstances  which  have  affected 
the  development  of  the  iron  trade  in  foreign  countries,  it  is  impossiUe 
entirely  to  ignore  the  consequences  of  foreign  legislation.  In  consida^ 
ing  the  effect  of  protective  duties,  I  am  not  going  to  regard  it  ai 
within  my  province  to  question  the  propriety  of  a  country  adoptiBg 
any  line  of  policy  which  it  may  consider  best  calculated  to  promote  iti 
own  advancement.  Thirty-six  years  ago  we  embraced,  without  con- 
sultation with  other  powers,  what  is  known  as  the  Principles  of  Free 
Trade.  We  did  this  in  our  own  interests,  believing,  it  is  true,  thatiw 
were  at  the  same  time  promoting  those  of  the  world  at  large.  We 
continue  in  this  course;  because  we  rely  on  the  soundness  of  the  polx? 
itself;  and  we  must  leave  those  .with  whom  we  deal  to  be  their  own 
judges  of  what  suits  them  best,  whether  we  agree  with  them  or  not 
The  question  therefore  is  only  referred  to  in  these  pages,  because  anj 
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nmstfim^e  which  iavums  tiie  (jxLeusirm  of  the  iron  trade  in  a  foreign 

try  nec^csearily  int«rferes  with  our  tninsactions  with  that  coLmtry 

)hi8  partictikr  industry.    We  hare  moreover  to  enquire  whether 

extension  is  of  a  natui-e  to  lead  U8  to  expect  future  competition, 

ipplying:  those  parts  of  the  earth  which,  from  a  variety  of  circum- 

I,  cannot,  at  all  events  for  many  years  to  come,  or  in  some  cases 

bably  for  ever,  supply  themselvea  cheaply  with  home  made  iron. 

'o  determine  this,  it  seems  absolutely  indispensiible  that  we  should 

ingiiish  between  those  circuinsUiuccs,  such  m  the  cost  of  labour  and 

pive  duties,  which  are  more  or  less  of  an  artificial  character,  and 

such  as  the  accessibility  of  coal  or  ore,  which  are  of  a  purely 

ral  kind. 

The  matters  involved  in  such  an  enquiry  as  that  just  referred  to, 
an  interest  to  the  British  ptililic  at  large,  as  well  as  to  the  iron 
manofacturers  of  these  islands.  The  g:rcat  change  which  has  taken 
place  in  late  years  in  the  price  of  laljour  in  the  United  Kingdom,  renders 
it  desirable  that  we  should  consider  whether  a  similar  alteration  obtains 
ng  those  nations  we  have  to  meet  as  competitors  in  the  markets 
the  world;  and  if  so,  what  is  its  cause,  its  nature,  and  its  extent, 
important  question  will  receive  some  attention  in  the  section 
ich  follows. 

An  opinion  is  not  unfrequently  expressed  that  the  iluties  levied 

ad  on  foreign  iron  have  greatly  ix*strieted  the  expjrtatiun  of  this 

from  Great  Britain  to  such  countries.    There  is  no  doubt  that 

Ss  is  perfectly  true:  as  an  example,  except  in  cases  of  extraordinary 

lergencies,  the  trade  in  iron  l»ctween  this  county  and  the  United 

may  be  said  to  have  been  almost  annihilated;  and  this  in  the 

instance  by  tlie  pnihibitive  nature  of  the  Amencan  tariff.     It  is 

ever  quite  another  thing  to  amclude  that  if  all  duties  were  alx^lished 

or  indeed  many,  foreign  iron  works  would  l>e  closed;  and  that  on 

it  Britain  would  then  rest  the  resjxmsiljility  of  supplying  almost 

whole  world  with  iron.     The  cheaply  wrouglit  Black  Band  ore  of 

d,  o lien  brought  out  uf  the  same  pit  which  furnished  the  coal 

smelting  it  no  doubt  for  some  years,  when  the  total  make  was  not 

fom-th  of  what  it  now  is,  placed  this  country  in  a  position  which 

ied  at  the  time  all  competition  in  jmint  of  cheapness  uf  production. 

tliat  period  however,  in  seeking  to  produce  iron  economicHlly, 
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w<!  aro  (ln[Hrri(](>ni  oti  ihe  lias  fonmition  for  metal  of  ordiimrj  qtmlilj, 
tiiid  (nr  oilif  r  k'liuU  tm  the  rich  ckpyositg  of  hematites  in  Lancashire  aa4 
(liiiJibiTlaiMl.  For  the  treatment  of  both  these  deamptions  of  mineinl, 
ti\M  \\h'\  Iiiw  to  Im)  conveyed  to  the  ore,  or  ince  versa,  for  greater  <ir 
Kh*irt«n'  iliHtminos.  It  must  be  rememl)ered  however  that  our  cheaplj- 
wtirktul  ininstoiteti  cif  North  Yorkshire,  Lincolnshire,  and  Northampton- 
nUii'o  liavo  mm  their  rounterpjirte  near  the  Moselle,  in  Alsace,  and  in 
liuxaiubiuxi  and  tlie  rich  orc^  of  the  West  Coast  of  England  are  rardj 
t|ulto  Ml  favoumhly  situated  for  cheap  extractian  as  thote  of  Bilfaa^ 
l«ak«  Rn)ierior»  and  some  in  Pennsylvania^  or  the  immMiRo  \ 
[if\\\H}\  honmtiUs  and  the  a>-caUed  '*  fodsiUferoos  ore,^  found  m 
of  Ui^  «fi>utlK'm  aUitoa  of  America, 

In  ordor  lo  ooonnr  ^  pontios  of  any  imporlaiioe  as  an  iiDn-expcft^ 
^tlgooniitey,  lh»  pnawMna  of  »  pjemtifil  id  Aeapwpp^of  coal  iicl  < 
Jmiii^miiiiftMn     In  lUi  ftapec4  Gml  Briam  1am  notiaa%t»  I 
m  tx  — ny  ywp  dhi  hm  twrnA  BMriy  ai  aniA  «iB 
aittfM<»f  iIm  WOtU  p«l  liig<hg>  and  oai  af 
llnfa  ii  a^yaciad  lir  ftmin  «a  a  md§M  ^mtl  ta  i 
ini 
w^lm«tlka| 
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Tom. 

E™rt«L 

Nil 

20.05«,000 

NiL* 

650,000 

7.6ai.ooo 

2»090,000 

10,293,000 

587,000 

1,058,000 

5,853,000 

^ 


)f  these  five  nations,  Great  Britain  and  the  United  States  are  the 
atiies  which  import  no  coal.     Tlie  imports  and  exports  for  the 
32  was  as  followB: — 


Umtcd  Kingdom 

Umted  States 

Oennanj ,. 

Fmuce 

Belj^am 

Of  these  Prance  alone  stands  in  the  position  of  having  its  iroa 
gosceptible  of  beings  impeded  for  want  of  coal;  for,  although 
Sennanj  appears  as  having  imported  above  7|  million  tonfl»  no  doubt 
:a  places  remote  from  her  coal*iie(de,  she  ap|>cars  to  have  exported 
^kove  two  million  tons.     In  the  iron  works  of  France,  including  the 

Pienner  and  Siemens-Martin  steel  works  the  coal  consumed  is  probably 
at  six  million  tons;  but  it  has  been  just  proved  that  she  is  indebted 
a  very  mnch  hirger  quantity  even  than  this  to  localities  outside  her 
>wn  dominions. 

In  the  matter  of  iron  ore  tlie  United  Kingdom  will  also  bear  com- 
mrisoa  with  any  part  of  the  world. 

Aft-er  the  disooveiy  of  the  Bessemer  and  open-hearth  processes,  the 
>re»  of  iron  soon  came  to  be  practically  divided  under  two  heads — 
ras.,  those  which  afforded  metal  fit  for  the  steel  nmmifacttirer,  and 
Lhofie  which,  from  the  presence  of  phosphorus,  were  unfit  for  his  pnr- 
|H»eee.  It  is  true  this  division  held  more  or  less  good  under  the  old 
method  of  making  steel  by  cementation ;  bat  the  presence  of  phos- 
phorus in  small  quantities  was  then  less  objectionable,  owing  to  ita 
partial  removal  during  the  conversion  of  the  pig  into  malleable  iron, 
a  prooess  which  was  a  preliminary  step  in  the  manufacture  of  steel. 
H  Clay  ironstone,  so  c^led  from  the  presence  of  alnmina,  constitutes 
iPfar  the  largest  proportion  of  the  ores  of  iron;  but  I  am  unacquainted 
With  a  single  case  where  this  mineral  is  sufficiently  free  from  phos^ 
be  capable  of  treatment  in  tlic  Bessemer  converter,  or  in  the 
lode  of  making  steel  in  the  Siemens  furnace. 

M  It  i»  doubtful  whether  this  return  is  quite  corrt-ct  us  vt^iHjls  Dccajtioually  take 
i  »iimli  (jimtit'tties  of  coal  to  the  L'nited  StatiiM.     hi   1876  tW  importatiooB  were, 
'  ng  Ui  Peclmr,  4O7,CJ00  toiuj* 

C  0 


450  SECTION  XV. — STATISTICAL. 

On  the  other  hand,  carbonate  of  iron,  or  spathoae  ore,  is,  I  bdiev^ 
invariably  soitable  for  the  steel-maker's  operations ;  bat  it  is  of  too  nn 
occurrence  to  form  an  important  element  in  considering  the  qnefltkn. 
The  oxides  of  iron,  as  found  in  the  magnetites,  and  in  the  hematjtes^ 
red  and  brown,  constitute  by  far  the  most  important  aooroe  of  meul 
possessing  the  purity  required  for  the  produciion  of  steel.  It  often 
happens  however  that,  even  in  these  varieties  of  ore,  phosphorus  occon 
in  such  proportions  as  to  render  them  unfitted  for  the  poipofle. 

The  only  important  deposits  in  Great  Britain  of  native  oxide  of 
iron  fit  for  steel-making,  as  it  is  now  conmionly  practised,  are  those  in 
Cumberland  and  Lancashire,  which  frequently  are,  for  this  ctm  of 
mineral,  among  the  most  economically  worked  in  the  world. 

So  long  as  steel  was  only  required  in  moderate  quantities,  and  w« 
all  produced,  chiefly  from  foreign  iron,  by  the  process  of  cementation, 
the  mines  of  the  two  counties  just  named  amply  sufiiced  for  tht 
demands  made  on  their  resources.  These  demands  were  confined  to 
supping  the  means  of  diluting  the  phosphorus  found  in  the  fcxfe 
cinders,  when  the  same  were  sent  to  the  blast  furnace,  or  of  making 
for  certain  purposes,  pig  iron  of  a  higher  quality  than  that  obtained 
from  the  usual  run  of  clay  ironstones. 

The  necessities  of  the  Bessemer  steel-makers,  stimulated  by  amelioift- 
tions  in  the  manufacture,  soon  exceeded  the  powers  of  the  LancaBhire 
and  Cumberland  mines  which  with  some  smaller  sources  of  supply  mij 
be  regarded  as  capable  of  furnishiDg  dose  on  to  three  million  tons  per 
annum  of  ore,  equal  to  a  little  above  one  and  a  half  million  tons  of  pig 
iron.  The  deficiency  has  been  made  up  by  considerable  importatioDi^ 
chiefly  from  Spain;  since  ore  can  be  obtained  from  Bilbao  aod 
delivered  at  blast  furnaces  on  certain  coal-fields  in  Wales,  and  in  the 
North  of  England,  at  a  cost  of  7s.  to  lOs.  for  carriage,  and  at  tk 
present  moment  (July,  1883)  is  being  conveyed  for  5s.  Gd.  to  6s.  6d. 
per  ton. 

So  far  as  present  appearances  of  the  Spanish  mines  enable  ns  to 
judge,  there  is  every  reason  for  believing  that  the  steel  works  of  tk 
world  can  count  for  many  years  to  come  on  a  very  large  supply  of 
suitable  ore,  for  I  am  informed  that  in  the  year  1881  the  mines  of 
Bilbao  alone  have  furnished  nearly  two  and  thred-quarter  miffion 
tons. 
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Having  regard  to  the  X)06ition  of  Great  Britain,  and  the  situation 
her  coal-ficldB  in  reltition  to  the  sea  and  to  the  markets  genemllj, 
there  is  thus  no  nation  more  fiivoarably  situated  for  smelting  Bessemer 
pig,  whether  from  native  or  from  foreign  mineral. 

There  are  many  persons,  myself  among  the  numtier,  who  think  that 
steel,  or  perhaps  more  properly  ingot  iron,  may  nltimat-ely  sn|3ersede  in 
in  a  great  measore,  if  not  entirely,  the  use  of  malleable  iron  as  produced 
from  the  puddling  fnmaoe.  At  one  time  the  chief  barrier  to  this 
possible  change  appeared  to  be  the  want  of  metal  sufficiently  free  from 
jljoephoras  to  supply  the  greatly  increjised  demand,  which  wouhl  be 
^BesBitated  by  the  extended  use  of  such  a  quality  of  iron. 
H  From  this  difficulty  the  Basic  process  has  undoubtedly  liberated  us* 
V  may  l>e  questioned,  as  it  is  by  many,  whether  circurat;tances  con- 
nected with  the  position  of  the  mincnils,  and  that  of  the  mai-kets  may 
K  in  many  cases  emible  the  hematite  pig  iron  to  compete  on  more  than 
equal  grounds  witli  the  Basic  process,  as  applied  to  the  cheajier  pig  iron 
jbUiined  fi*om  the  lias-measures  of  North  Yorkshire,  Northamptonshire, 
>r  Lincolnshii-e.  There  is  however  no  doubt  that  the  question  of  an 
inexhaustible  supply  of  raw  material  being  now  at  our  command  is 
jntirely  settled  by  the  Basic  process  in  our  favour;  and  that,  bo  fur  as 
Kcotiomical  production  of  steel  and  economical  transport  to  a  neutral 
X)nntry  are  concerned,  the  British  manofacturers  are  in  a  position  not 
T  to  that  of  any  other  nation.  At  the  same  time,  as  will  be 
ef  shown,  we  do  not  by  any  means  stand  ulone  in  the  possession 
rhat  may  now  be  regarded  as  the  moat  abundant  and  cheapest 
e,  whence  to  supply  the  blast  fiu-naces  with  the  needful  ore. 
[To  avoid  the  use  of  unnecessary  figures  the  output  of  ore  for  three 
l>eginning  1870  in  the  five  countries  selected  for  eatamples  are 
below  (000  omitted);— 1 


Foitod  Kingdom.  tToitod  Si&t«A.  G«imuiy.  Frtttjieo.  BelitltmL 

ia70 14,370      3,210     3,830  2,899  654 

1875  ...    ..  15,821      ^500     4,730  2.510  3G5 

1881 17,446      7^4     7,573  3,500  200 

The  importation  of  iron  ore  by  iron-maldng  countries  has  of  late 


Antlioriticii— RoUt.  Hunt,  F.R«S*|  Mitiiug  Kocord  Officii;  Irou  Trade  Asioci*p 
I;  and  Jch.  Pcch^r* 
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years  assumed  proportions  of  great  magnitude.  Twenty  years 
such  transactions  were  all  but  unknown,  and  so  late  as  1870 
quantities  so  dealt  with  were  insignificant. 

Iron  ore  exported  and  imported  by  the  five  principal  iron  mal 
countries,  and  by  Italy,  for  the  three  years  named,  in  thousands  of  t 
was: — 


Ijnported. 

Exported. 

Oreat  Britain. 

..1870     ... 

400» 

ITiL 

1880     ... 

3,060* 

95 

1881     ... 

2,803» 

68 

United  States. 

..1870     ... 

17 

NU. 

1880     ... 

498 

NU. 

1881     ... 

782 

Nil. 

Oennany 

..1870     ... 

300 

84 

1880     ... 

607 

14^« 

1881      ... 

615 

1.443« 

France... 

..1870     ... 

489 

145 

1880     ... 

1,168 

lU 

1881     ... 

1,287 

88 

fielginm 

...1870     ... 

568 

179 

1880     ... 

921 

347 

1881      ... 

1,169 

366 

Italy    ... 

..1870     ... 

— 

40 

1880     ... 

— 

297 

1881      ... 

...             ■■""■ 

330 

In  respect  to  the  five  iron  making  countries,  with  the  eiceg 
of  Belgium,  this  large  importation  cannot  be  said  to  arise  from 
inability  in  the  domestic  mines  to  compete  with  those  abroad  in 
matter  of  cheapness.  The  change,  as  already  intimated,  has  been  all 
exclusively  due  to  the  demand  for  iron  suflBciently  free  from  phospb 
to  afford  material  for  the  Bessemer  and  Siemens-Martin  steels,  the  n 
of  which  has  so  greatly  increased  in  the  last  ten  years.    The  natoi 

^  Includes  purple  ore,  t.0.  the  oxide  of  iron  obtained  after  treating  ei^ 
pyrites  in  the  wet  way. 


'  This  large  increase  of  exports  from  Germany  is  probably  due  to  the  i 
of  Alsace-LOTiaine  and  the  Duchy  of  Luxemburg  being  included  in  the  Oa 
ZoU  Yerein. 
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increase  will  Ixj  best  tindersttxKi  by  a  reference  to  the  increase  in 
aer  steel  between  1870  imd  1881 ;  the  vTci<^ht,  in  thousands  of 
being : — 

GtvaiBiiUin.  Tnited  SUtet,  Germa.li;.  Ft&nc«.  Belgium  ToUl. 

215                 40  125  m  «  469 

l.nit           l.r>74  6S6  384  m  3.28» 

1,673            I,fi96  993  454  170  4.9S6 


The  Mining  Records  for  the  yeiir  1865  do  not  distinguish  foreig:n 

imported  into  the  United  Kingdom  from  those  which  have  arrived 

stwise  from  British  mines.     From  the  information  given  it  would 

appear  that  the  quantity  received  from  foreign  countries  can,  for 

kt  year,  have  amounted  to  10,000  tons.     In  the  year  1867  as  much 

f  86, 568  tons  of  forei;]^  ores  were  imported  which,  as  we  have  seen, 

&w  to  400,000  tons  in  1870  and  to  above  three  millions  m  1880. 

So  long  as  Great  Britain  could  supply  her  own  wants  from  more 

aply  wrought  ores  for  Bessemer  iron,  than  other  nations  could 

ain  similar  ores  from  native  mines  or  by  way  of  importation^  the 

itish  manufactarer  enjoyed  corresponding  advantages  as  compared 

^ith  his  foreign  competitors.    Now  however  that  there  is  imported 

to  the  United  Kingdom,  a  quantity  of  ore  more  than  equivalent  to 

lish  pig  iron  for  all  the  steel  made  within  its  own  boundary,  it  is 

ar  that  it  no  longer  enjoys  the  favonrable  position,  comparatively 

'  speaking,  which  it  formerly  ucenpied.     The  British  and  foreign  steel 

'    T-  pay  the  same  price  for  their  ore  at  the  port  of  shipment,  and  any 

uce,  on  the  one  side  or  the  other,  is  confined  to  the  respective 

»f  conveyance  from  such  port  to  the  place  of  consumption. 

Iief[*re  leaving  the  subject  of  iron  ore»  I  would  wish  not  only  to 

!nt  out  the  extraordinary  increase  in  tlie  production  of  iron  furnished 

by  the  mines  of  the  United  Kingdom  in  the  last  fifty  years,  but  also 

direct  attention  to  the  extraordinaiy  change  in  the  sources  of  that 

luction.     For  this  purpose  the  makes  of  pig  iron  for  the  years  1830, 

ICU,  1B7U,  and  1S8U  are  compared,  and  to  these  1882  is  added.     I 

not  acquainted  with  any  trustworthy  nnjords  of  the  ore  raistid  in 

50,  and  those  for  1882  not  being  issued,  my  comparison  in  respect 

[ore  must  necessarily  he  cun fined  to  the  years  1860,  1870,  and  1880. 
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Cleveland,  inclad-  J 
ing  Durham  and  > 
Northumberland ) 

Northamptonshire . . . 

Lincolnshire 

Derbyshire  and  Notts 
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1830.  1860.  1870.  UHL 

6,327        658,679      1,627,557      2,416,418 


Cnmberland     and } 
Lancashire  j 

Scotland     

South  Wales 

South  Staffordshire 

North  Staffordshire 

West    and    South) 
Yorkshire  j 

Shropshire 

Gloucester,  Wilt- 
shire and  Somer- 
setshire 

North  Wales 


NiL 
Nil. 
17,dd9 

23,826 
NU. 

37,500 
277,643 
212,604 

Nil. 


73,418 


}  - 


7,595 
NiL 
125,850 

792,124 

169,200 

937,000 
969,025 
469,500 
146,950 

98,100 

145,200 

50,293 


25,000    49,360 


43,166 

31,690 

179,772 

1382,185 

677,906 

1,206,000 
979,193 
588,540 
303,378 

77,717 

112,300 

93,601 

42,695 


178,714 
207.704 


306,560 


87351 


2,6B8,eS0 

19M15 
201^ 
445,735 


3,169,628  3,528,061 

1,541.227  1,788,98) 

1,049.000  1426,000 

889,738  883,30S 

384^656  317,U7 

225,023  898,441 


279,SS 
80,45 

48,000 


67312  48,71S 


678,417     3326,752      5,963,615      7,749388      8,488,287 


In  a  French  work^  written  in  1837  the  authors  mention  that  in 
1740  the  make  of  iron  in  England  was  17,850  tons  obtained  from  59 
furnaces ;  equal  therefore  to  294*1 1  tons  each  per  annum,  or  5*13  toni 
per  week.  They  state  that  the  ores  chiefly  used  were  brown  and  red 
hematites.  Earthy  ores,  ''mines  terreuses,"  were  also  smelted;  bot 
it  does  not  appear,  according  to  the  authority  just  quoted,  that  the 
clay  ironstones  of  the  coal-measures,  ''minerais  de  fer  carbonate  del 
houilldres,"  were  known  in  the  beginning  of  the  last  century,  h 
opposition  to  this  condition  of  things  the  authors  of  the  ''YoTige 
M6tallurgique,"  when  they  wrote,  attribute  that  marked  superiority  of 
Britain  as  an  iron-producing  country  over  aU  other  European  nation^ 
to  the  possession  of  the  clay  ironstone  referred  to. 

^  ''Voyage  M^taUorgrique "  par  MM.  Dnfrenoy,  £Ue  de  Beaumont,  Ooiti  ^ 
Perdonnet.     VoL  I.,  p.  221. 
'  Idem.     Vol.  I.,  p.  2. 
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According  to  the  figures  contained  in  the  Mining  Records  of 
Britain,  it  would  appear  that  in  the  year  1880  the  irou  ores 
may  be  divided  under  the  following  heads : — 


Iron  oro9  from  the  coal-tiieasures 
„       from  hematite  veins,  etc. 
,,        from  the  th<)  HoH-iDe&sures 


Tom. 
5,397.477 
3,309,074 

I8,D26,04d 


Imported— Burnt  ore  from  cupreous  pjrit^      427,730 
^,  Hematite       , 2,632,601 


3,060.331 


21,086,380 


Approximately  the  pig  iron  capable  of  being  produced  by  these 
would  be  as  follows  : — 


Toaa. 


FttCoul 


From  the  clay  ironJitone  of  the 

coal 'measures       30  per  c^iit.   -    1,619,243   «   20*69 


Vrom  hematit«s  of  till  kinds  . . ,  50 

From  the  UnA'nieatfurea,  average 

yield  taken  at      32^ 

FVom  the  imixirted  ore  61 


1,654,637  -  21-04 


3«  273,780 


-  3.028,836  -  38-63 
=    1,560.768  -   19  85 


7,863,384     100- 


The  actual  make  of  pig  iron  in  1880,  according  to  the  Mining 
cords,  was  only  7,749,233  tons,  of  which  a  certain  proportion  would 
however  be  smelted  from  mill  and  forge  cindere. 

The  difference  between  the  two  sets  of  figures  may  chiefly  arise 
from  the  yield  of  the  different  kinds  of  ores  being  taken  a  little  too 
high  ;  or  fix)m  an  accnmulation  of  stocks  of  ore,  all  that  which  was 
raised  or  imported  not  having  been  used. 

In  order  to  exhibit  the  position  of  each  iron-|)roducing  centre  of 
the  United  Kingdom,  tables  have  been  amstructed  for  the  years  1860, 
1870,  and  1880,  showing  the  ore  raised  and  the  pig  iron  produced, 
from  which  an  estimate  is  made  of  the  quantity  of  metal  smelted  in 
b«r  districts  than  those  wlieiv  the  ore  is  o) stained. 


im; 
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For  Till  Yeab  1860. 


Nui'dunuUM'likiul    \ 
Mtul  Iturhnui.  ur««  i 

\U'i.NN*uvr..     X\    ^>x^    ^ 


\       *^^J»|^n 


I'rr 
('mil. 
I  if  I  Mil. 


On* 
Toil*. 


RqnlTBlent 

¥itt  Inm. 

Toiuu 


EqiniTalent  to 
PIf  Iroo  fmm 
Pif  Iron     Ore  bnmgkt    On  «t 
Sude.    from  elaewbare  tiatwnat. 
Tons.  Tooft.  T'-ok. 


ai 

l.4vS:l,8l9 

- 

459.983 

658.679 

198,696 

— 

a: 

l0l.4i>T 

« 

37.553 

7,596 

— 

29J» 

- 

5.631 
li5»l« 

XiL 
1:*S.S30 

61H 

9J31 

w 

iJ^VtUO 

- 

5i4.4«J 

lti(^3X> 

— 

a55J9B 

- 

— 

;« 

sc\v:xv 

' 

i>:j>ao 

4tH>^00 

I-jT-nHJ 

- 

.^ 

r?sii^ 

« 

iJ>-\iW 

:vr.i5.> 

— 

«.*s 

j;<  J 

i^jco.v 

- 

S;.;3;J 

:«.::<i 

Lt-^T 

- 

w^^ 

ItC^XV 

- 

Jc.HJf 

:45.i:o 

-J«}.J»«> 

- 

A.' 

::<*••>«* 

- 

-STnf 

iiijas 

— 

>.Ji 

«JC 

^vjift: 

JDjJ%?J- 

us: 

i  S  5.  -»»> 

i^-isy-rd 

1JJ9-.-?© 

r^v.4S 

ti)<vi:«TAi.  iL^-  r»Ui 

-^    *  'lir.Ltt, 

r  Ikic-iTCs^ ' 

n  ::»  ^ 

r  J«L 

s  -M.-;      i-^.;   .^T'. 


#,-^•1 

•»*. 


.^ir.:-*^  '^^ss:sr 


.lO 


^''  ■-'. 


>C^.    U-w  -  

n;*,.  •      i.*-N  K-  ...... 


i^. .  -^ 

-^^t^ 

- 

<:i«i 

>C-.^"* 

a.jft* 



l.M 

ir-«^*^ 

r>r7^ 

1--*^ 

- 

■  ■■*  ^r 

'rrA9& 

~ 

^LJE 

v."    «■• 

-t«K.t»» 

^.«> 

- 

■.»,     ' 

r>..--a 

"^Ll    TT" 

— 

'•-.cr 

>-^^ 

<^^^-i 

— 

T'       ."ii 

i*.:v.r» 

I^» 

- 

^  r:. 

'— •T 

\J& 

I.  ^ 

.::-..*• 

- 

J£ 

^^ 

::..«r-L 

db^ 

«J1 
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^^^^^^B 

Fob  thk 

Ykah  1880. 

^^^^^^V 

Eqnirftlcnt  to 

^^^^^^^H 

PKIjonftom 

^^^^m 

Or* 

EoulvftlMit 

Pi^Iron 
Made,      f 

Ore  brouirh( 

Orewai 

^^^F           Gent 

R&tMd. 

Fig  tron. 

rom  eljowhere.  elMirhere. 

of  Iron 

Totw, 

TOD^ 

Tdmii. 

Totm. 

To«i, 

id.  including^) 
iwmberUiid    '   «, 
Durham,  ore  C 

at          ; 

6,528,011  - 

2,023,683 

2,416,418 

392,735 

— 

upton.    Lci-  (    «, 
•and  Oxford  (    *" 

1,610,760  - 

595.961 

178.714 

- 

417.267 

ihire   .,          ..  33-3  1.154,584  - 

384.861 

207  J04 

177457 

lir^  and  Notts.  a3*3 

152,512  - 

50.8:i7 

366,792 

315,955 

— 

land    and      f    ,« 
l*htre             f    ^^ 

2J59.407  - 

1.462,485 

1,541,227 

78,742 

— 

1                     ^2 

2,6^U,'kS3   = 

852634 

1,019.000 

196,366 

— 

rales                  :iO 

343.927   - 

10:},178 

8.S9738 

7H6,56<1 

— 

taffordshire.,.  95 

399,745  - 

139.910 

384.556 

244,646 

- 

Itaffordshire    .32 

1,398,693  = 

447.581 

225,023 

— 

222,558 

Rnd    South    r    „^,^ 

286,698  = 

96.566 

306,560 

210,994 

— 

iiro                      33-3 

226,721  - 

75,573 

as.338 

12,765 

— 

ter,    Wilts.,  ) 

p*hire,    and  [   40 

189,854  - 

75,941 

37,351 

— 

38^90 

rsetabtre       J 

rak»,                33-3 

43,016  = 

14,3^8 

57.812 

43,474 

etc.                   33-3 

1 

267,849  - 

89,283 

Nil 

89,283 

8,026,260 

6,411,851 

i                         50 
2 

3,060,331 

1,530.165 

- 

—         1.530,165 

1,08<>,591 

7.942,016 

7^749,233 

2,282,237  2,475,020 

particularly  wished  to  be  jjcn'nted  out  is  the  giieat  change 
iBfty  years  have  f>rodnced  in  the  character  of  the  minerals  em- 
in  the  iron  works  of  Grt^at  Britain,  la  1830  there  were  oqIj 
tons  of  iron  furnished  by  that  class  of  ore  now  m  extensively 
in  North  Yorkshire,  Northamptonshire,  Lincolnshire,  etc. 
t  this  we  have  in  188*)  no  less  than  3,028,8:56  tons  of  pig 
ere  derived  from  the  lios-mefmmx^s  of  these  counties, 
possession  of  a  bed  of  ironstone  varying  from  four  to  fourteen 
Ihickness,  and  occurring  in  several  large  fields  in  a  Hue  extending 
month  of  the  Te^s  to  the  British  Channel,  is  of  course  an 
ms  ad\'antAge  to  the  United  Kingdom  in  an  iron-producing 
f  view.  We  do  not  however,  as  haa  been  intimated  in  the 
eection,  stand  alone  in  tills  enviable  position  as  mineml  ownei-s. 
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A  similar  stretch  of  country,  geologicallj  speaking,  takes  its  rk  ■ 
Germany,  and  passing  through  the  Duchy  of  Loxembuig  tarminitai 
in  France.  At  Luxemburg,  Hayange,  and  in  the  neighbouiboodif 
Nancy  the  beds  of  ironstone,  found  in  the  measures  referred  to^n 
extensively  worked.  The  importance  of  the  deposit  will  reosin  ft» 
ther  notice  when  a  comparison  is  attempted  to  be  drawn  between  di 
iron-making  minerals  of  the  United  Slingdom  and  those  of  othi  i 
nations. 

According  to  the  Mining  Records  no  pig  iron  was  prodnoedii 
Lancashire  or  Cumberland  in  1880.    Practically  this  is  so,  altto^ 
a  small  quantity  of  charcoal  iron  was  smelted  from  the  hematite  of  di  ^ 
district  anterior  to  the  year  in  question — a  process  which  is  still  e» 
tinued.    Whatever  ore  was  raised  there — and  it  amounted  to  579,9N 
tons  in  1854 — was  used  almost  entirely  in  the  fhrnaces  of  South  Will 
and  South  Staffordshire.    In  1880  probably  not  one-half  this  qnurtiil 
would  be  raised;  whereas  in  1880  there  were  mined  in  Cumbotall 
and  Lancashire  2,759,407  tons  and  there  were  imported  8,060,881  Ml 
making  together  nearly  5,750,000  tons  of  hematites,  mainly  need  ftfj 
Bessemer  and  open-hearth  steel.    Of  clay  ironstone  from  the  cod- 
measures,  which,  when  the  authors  of  the  "Voyage  M^tallurgiqoe" 
wrote,  was  the  source  of  our  supremacy  as  iron  makers,  we  raised  ii 
1880  5,897,477  tons,  equal  perhaps  to  1,800,000  tons  of  pig  iron,* 
less  than  one-fourth  of  the  make  of  that  year. 

Since  the  work  just  referred  to  was  written,  great  changes  han 
taken  place  in  the  comparative  importance  of  the  clay-ironstone  of  the 
coal-measures.  South  Wales  still  occupies  a  prominent  place  as  an  iron* 
making  centre,  but  its  blast  furnaces  are  almost  exclusively  supplied 
with  imported  ores  for  the  production  of  Bessemer  steel.  Soaik 
Staffordshire  has  declined  nearly  20  per  cent,  in  its  production  of  pig 
iron  between  1860  and  1880,  and  of  the  reduced  quantity  a  part  ii 
obtained  from  Northamptonshire  ore.  The  Derbyshire  furnaces  aw 
similarly  supplied  with  ironstone,  the  quantity  obtained  from  the 
neighbouring  collieries  being  insignificant.  The  only  important  innt- 
making  locality  which  maintains  its  ancient  position  in  connection 
with  the  output  of  clay  ironstone,  is  Scotland,  which  in  1880  tmA 
2,659,817  tons.  Of  this  quantity  very  little  more  than  one-halfi 
1,485,647  tons,  was  the  famous  Black  Band  which  formerly  vai 
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6t  exclasively  used  in  the  Scotch  furnaces*  The  remainder, 
kg  to  the  partial  exhaustion  of  the  Black  Band  mines,  was  ordinary 
^  band  ironstone. 

H  have  just  seen  how  a  great  revolution  materially  altered  the  com- 
mon of  the  pig  iron  trade.    Within  the  last  ten  years  the  mtinufacture 

Jleable  iron  received  a  check  which  by  many  was  regarded  as  its 

•blow ;  and  indeed  this  prophecy  has  been  actually  realized  so  far  as 
[works  in  Sonth  Wales  are  concerned.     It  became  evident  about  the 

1874  or  1875  that  eteel  rails  were  being  made  at  such  a  price  and 
a  quality  that  ii-on  ua  a  material  for  rails  would  speedily 

ae  a  thing  of  the  past.    This  prediction  has  been  fulfilled  in  the 

net  of  which  Middlesbrough  is  regarded  as  the  centre,  and  the 

of  malleable  iron  in  consequence  fell  in  1879  to  47  per  cent,  of 

;  it  was  in  1873.     Fortunately  in  the  last  three  years  the  demand 

on  for  shipbuilding  purposes  has  absorbed  all  the  iron  formerly 
ed  for  rails,  as  may  be  seen  by  comparing  the  year  uf  the  largest 

i  of  this  ai'ticle,  via.,  1873,  with  1882  :— 


flAtes 
Atiglc  bars 


Prxxluction  In  Tboti- 
Mand*  of  Toaa. 
IS73,  1883. 

374  7 


191 
51 

616 


49d 
150 

B55 


Mr.  Edward  Williams  has  prepared  a  statement  of  the  make  in  the 
eighbourhood  referred  to,  and  by  his  permission  I  give  it  a  place 
ere,^    The  make  in  thousands  of  tons  was  distributed  as  follows  t — 


I 


1872     .., 

Totfcl 
Tvn*, 

702 

Rail-. 
Pm  Cent, 

49 

PUiea. 
Per  U«at. 

2^ 

Per  Ocnt 
10 

Ban. 
Per  Cent, 

12    -    100 

1»73    ». 

707 

53 

27 

7 

13 

-   100 

1874     .., 

671 

45 

31 

9 

15 

=   100 

1875     ,.. 

646 

44 

31 

7 

18 

-   100 

1876      .. 

484 

2e 

41 

12 

21 

-   100 

1877 

455 

9 

54 

17 

20 

-  100 

1878 

485 

5 

55 

21 

19 

-   100 

^ 

33a 

t 

60 

17 

21 

=   UK) 

mo 

684 

5 

63 

18 

14 

=   liO 

is^i 

667 

3 

67 

18 

12 

-    100 

^882      . 

726 

1 

68 

21 

10 

-   100 

The  table  h  not  quite  correct  oa  one  or  two  warkd  iiuule  no  return. 
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According  to  these  retums  not  only  are  there  no  signs  ai  pnmi 
of  decadence  in  the  malleable  iron  trade  of  the  centres  connected  witt 
Cleveland,  but  there  is  an  increase  in  1882  over  any  preyious  ywrrf 
its  history. 

No  authentic  record  having  been  kept  of  the  malleable  iron  tnde 
of  the  entire  kingdom  until  very  recently,  we  are  unable  to  judge  of 
the  comparative  position  of  Cleveland  by  a  reference  to  the  told 
production.  Enough  however  is  known  to  justify  the  assertion  ty 
the  favourable  turn  which  has  manifested  itself  in  the  more  northen 
counties,  is  merely  the  result  of  the  decay  of  the  trade  elsewbeit 
Mr.  Robert  Hunt,  in  the  records  so  often  referred  to,  gives  the  number 
of  puddling  furnaces  at  work ;  and  the  change  which  has  taken  pbtfe 
in  South  Wales  and  South  Staffordshire  speaks  for  itself : — 

South  Sooth  m^^^ 

1872.— Puddling  furnaces  at  work  ...         1,251  2.165  3,406 

1880.—  „  „  ...  517  1.625  2.142 

Decrease 734  530  1,264 

Percentage  of  decrease 58*6  24*6  37*1 

Mr.  Jeans  gives  2,681,000  and  2,841,000  tons  as  the  make  A 
m^leable  iron  in  the  United  Kingdom  for  the  years  1881  and  18M 
respectively.  In  1873  the  make  of  Bessemer  and  open-hearth  sfced 
would  not  much  exceed  500,000  tons.  In  1882  this  has  risen  to  mow 
than  2,100,000  tons;  and  how  far  or  how  rapidly  this  substitution  of  steel 
for  iron  has  yet  to  advance  it  would  be  difficult  to  predict.  Iron  rails  haT« 
been  displaced  by  those  of  steel,  and  the  puddling  furnaces,  thus  laid  idb 
have  found  employment  in  funiishing  plates  for  the  shipbuilders.  Bat 
whereas  in  1877  the  tonnage  of  vessels  built  of  steel  was  1,118,  in  1881 
it  had  risen  to  71,533.  Has  the  puddler  before  long  to  see  his  oocapt- 
tion  in  connection  with  shipbuilding  follow  the  example  of  the  raO 
trade  ?  If  so,  where  has  he  to  look  for  relief?  No  one  questions  the 
superiority  of  steel  over  iron  for  naval  architecture.  The  only  barrier 
to  its  exclusive  use  is  one  of  price,  which  is  due  simply  to  consideration! 
of  a  mechanical  order  in  the  rolling  mill  itself.  So  far  as  the  mere  cob* 
version  of  the  pig  iron  into  a  malleable  product  is  concerned,  the  poi" 
dling  furnace  is  doomed,  at  all  events  for  the  production  of  a  matflriil 
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'  the  shipbuilder.    And  many  other,  we  may  say  most  other  trades, 
which  puddled  iron  is  now  used,  in   the   course   of  time,  will 
supplied  from  the  Bessemer  couvurter  or  from  the  open-hearth 
naoe. 

The  eonsumption  of  limestone  as  a  flux  is  not  a  serious  item  in  the 
iter  of  quautity,  Tarying  as  it  docs  from  5  to  15  cwts.  per  ton  of 
when  of  moderate  purity*     It  is  moreover  a  mineral  of  very 
ipensive  extraction,  from  the  great  thickness  of  the  strata  which 
nsuaily  acoessiblo  by  mere  quarrying.    Variations  of  cost  at  the 
elting  works  are  chiefly  due  to  distances  of  curria^jjc ;  hut  usually 
are  not  very  great  on  account  of  the  vast  calcareous  beds,  which 
found  equally  among  the  older  and  newer  geological  formations. 
Se  cretaceous,  oolitic,  magnesian,  carboniferous,  and  silurian  lime- 
Eies,  are  thus  all  contributors  to  the  flux  needed  by  the  iron  smelter. 
often  happens  that  the  limestone  of  the  magnasian  formation  is  as 
from  magnesia  as  any  other;  but  frequently  this  is  not  so,  and  then 
I  nnik  sometimes  containing  SO  ]^r  cent,  and  more  of  magnesian  car- 
&te  is  used.    The  consequent  inoonvenience  is  the  introduction  of 
fquantity  of  matter,  which  having  little  or  no  value  in  the  process 
sionj*  a  decrease  in  the  productiau  of  the  furnace,  and  a  somewhat 
consumption  of  fnel ;  not  only  on  account  of  the  increased 
^ht  of  inert  matter  to  he  fused,  l)ut  probably  also  on  account  of  the 
Ivent  action  of  the  additional  carUmic  acid  on  the  coke. 

It  has  l>ecn  observed  on  a  previf^us  page  that  the  abolition  of  pro- 
ttive  dnties  would  not  necessarily  be  accompanied  by  a  very  large 
ension  of  our  dealings  with  those  countries  which  seek  to  exclude 
from  their  raarkeU.     It  may  quite  well  happen  that  the  importing 
airy  can  manufacture  a  commodity  in  cjompetition  on  equal  terms 
ith  the  country  which  supplies  it;  and  yet,  the  demand  at  certain 
riods  being  beyond  the  powers  of  the  former^  the  latter  is  called  upon 
I  tQAke  up  the  difference,  which  it  is  able  to  do  at  the  higher  prices 
then  ruling. 

Germany  may  be  ttvken  as  an  example  for  illustration. 
Beginning  with  the  year  1860  the  duty  that  year  was  208.  5d,  per 
I  on  pig  iron  imported.   Taking  the  selling  price  at  Middksbiongh  at 
^t  time,  viz*  iihmt  4os.,  and  adding  the  carriage  and  duty,  a  ton  of 
land  iron  delivered  in  the  Westphalian  Works  would  cost  about 
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80s.  The  entire  make  of  Prassiu  during  1860  was  8^5,000  fcow, 
while  that  imported  would  prolmbly  be  about  J  00,000  tons.'  I  caaM 
speak  positively  as  to  the  net  cost  of  pig  iron  in  Germany  at  thij 
period;  but  that  the  difiTereiice  between  the  cost  and  the  selling  price 
was  not  iijconmderable  may  be  inferred  from  the  fact  that  by  the  end 
of  1804  the  Prassian  make  had  risen  Ut  705, OUO  tons.  It  has  to  bt- 
observed  that  the  average  price  of  Cleveland  iron,  over  the  five  yew* 
under  t'fmsideration,  was  50b.  at  Middlesbrough ;  and  that  its  value  had 
now  liegiiu  greatly  Ui  influence  Continental  prices. 

In  1865  the  duty  was  reduced  from  20s.  5d.  to  15s.  3d.  yet  with- 
out stimulating  the  importations,  which  remained  stationary  ontD  tht 
end  of  18C8.  Ln  that  year  the  price  (►f  pig  iron  at  Middlesbrough  bwl 
fallen  to  43s.;  but  in  the  meantime  the  product  of  Prussia  had  ri«!ft 
to  1,053,000  tons,  although  Middlesbrough  iron  could  now  be  landed 
on  the  Rhine  at  fully  7s.  \yev  ton  lower  than  in  1860. 

In  18G8  the  import  duty  experienced  a  further  reduction  of  5s.  iL 
leiiving  it  at  10s.  2d.  per  ton^  at  the  same  time  that  Middlesbrcmgii 
iron  was  4s.  per  ton  cheaper  than  when  the  duty  was  reduced  frum 
20s.  5d.  to  15s.  3d.  Notwithstanding  the  increased  competition 
arising  from  this  combination  of  circumstances  the  Pruasian  makr 
reached  1,180,000  tons  by  the  end  of  186D. 

In  the  follomng  year  (1870)  the  duty  was  lowered  to  56.,  the  pno* 
of  iron  in  Middlesbrough  being  only  2s.  higher  than  it  was  in  1860: 
and  at  this  price  or  thereabouts  it  remained  till  the  doee  of  1871,  kQT 
which  time  the  prodnctimi  in  Prussia  had  risen  to  close  on  1,300,00(9 
tons.     From  1873  to  1876  pig  iron  was  admitted  duty  free. 

All  this  movement  indicates  that  the  reduction  of   daty  frao^ 
20s.  5d,  in  18G0  to  5s.  in  1870  had  not  prevented  the  make  in  tte 
Prussian  dominiooB  from  advancing  from  3i)5,000  to  1,300,000 
cr  threefold. 

It  has  to  be  remarked  that  the  make  waa  increaaed  by  168,CK)0  UHtf 
in  the  three  years  ending  1870,  although  the  average  price  of  pig  inJi 
was  no  more  than  it  was  in  I860,  when  it  was  considered  tltat  li« 
home  pig  iron  manufactui-ers  rec|uired  a  protective  doty  of  2<kg,  5i 
per  ton.  ^m 

^  Scrap  iron  hcmg  tiicliided  in  tbe  ofBcial  refcunw.  the  acttial  weSg^M  of  l4^| 
can  only  l>e  g-iven  upproximiituly.     Holland  is  included,  most  of  iu  importi^l 
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1^72  the  prodaction  was  close  on  one  aiid  a  half  millions  of 
and  this  was  increased  durinoj  1873  by  120,000  tons,  although 
during  this  year  the  duty  was  entirely  abolished.  This  latter  circujn- 
atance  however  had  no  influence  on  the  action  of  the  Pnissian  iron  trade, 
probably  owing  to  the  great  rise  in  prices  generally  throughout  the 
world;  Middlesbrough  pig  iron  having  in  1873  touched  £G  and  Scotch 
^6  15s.  per  ton. 

All  experience  justifies  the  conclusion  that,  whenever  profita  in  any 
parfcicnkr  branch  of  industry  attain  a  jx>sition  superior  to  that  in  other 
manufactures,  capital  is  attracted  thither;  and  apparently  it  matters 
little  by  what  means  this  position  is  arrived  at. 

^B    It  is  therefore  not  surprising  that  the  Prussian  nation,  encouraged 
^B  the  price  of  pig  iron  artificiallv  raised  by  duties  levied  between 

I 


SO  and  1872  and  afterwards  by  the  commercial  excitement  of  1872, 


following  year,  ahonld  have  added  to  their  powers  of  production  in 
manner  described. 

Almost  contemporaneously  with  the  abolition  of  duty  in  Pnissia, 
pig  iron  reached  its  Iiighest  fKjint  in  Gi^eat  Britain;  from  which  it 
ateadily  declined  until  in  1878,  it  wtis  selling  us  low  as  328.  at  Middles- 
broQgh,  and  all  Europe  felt  this  change,  as  we  did.  From  the  year  1830 
up  to  1874,  it  very  rarely  happened  that  the  make  of  any  one  year 
Traa  not  in  excess  of  that  of  the  twelve  months  preceding;  and  so  far  as 
^e  means  I  possess  enable  me  to  judge  the  fiiTling  off  did  nut  at  any  time 
^■tend  beyond  one  year.  But  both  in  187-1  and  1879  the  production 
■w  pig  iron  in  the  United  Kingdom  was  aliout  three-quarters  of  a 
illion  below  that  of  1 872  ;  and  tlie  average  make  of  the  entire  six 
ftrs  ending  in  187U  was  440,0oo  tons  under  the  average  of  the  three 
terminating  with  1873.  No  doubt  the  Prussian  markets  were 
t;bed  by  the  large  imixjrtations  from  Great  Britain ;  which  averaged 
13,000  tons  per  annum,  for  the  six  years  ending  1879,  instead  of 
796,000  tons  (Holland  inehidcd),  which  was  the  average  of  the  two 
Jears  anterior  to  1H74,  Prussia  in  the  meantime  had  raised  her  powers 
Of  production  of  pig  iron  to  wi  bin  a  trifle  of  two  millions  of  tons  per 
^^tmnin;  or  nearly  one-half  more  than  it  stood  at  in  1871  and  1872,  the 
iirs  of  high  prict'S.  In  otfier  words,  her  increa^  of  make  was  about 
[),i>00  tons,  not  far  from  the  suiue  quantity  she  was  re.eiving  iu  the 
ky  of  importation.    It  is  nut  exLrayrdinary,  under  such  circnrastanoes. 
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that  the  Prussian  ironmasters  should  feel  oppressed  by  the  o(»npetitiai 
which  had  arisen  ammg  themselves^  and  which  in  point  of  fact  wia^i 
Kcems  to  me,  &r  more  to  blame  than  that  offered  by  Great  Britaia. 

Another  difficulty,  to  which  the  iron  mannfactaie  ia  expmi, 
possibly  intervened  to  aggravate  the  distress  felt  in  Grermany  faj  6m 
engaged  in  the  trade.  In  the  prosperous  times  wages  had  natmlf 
risen;  but  the  enhanced  rates  continued  to  be  paid,  long  after  tiie  iroft* 
master  could  afford  to  pay  them.  This  was  certainly  the  case  in  tte 
United  Kingdom,  and  it  was  pre-eminently  so  in  the  United  Sttki 
The  imposition  of  a  duty  of  25s.  per  ton  on  pig  iron,  and  douUe  thi 
on  malleable  iron,  was  followed  by  a  corresponding  rise  in  value  of 
these  commodities  in  America.  The  high  prices  of  1872  and  1873  a 
Great  Britain  were  immediately  felt  on  the  other  side  of  the  Atlantic; 
and  in  consequence  the  cost  of  producing  pig  iron  rose  fix>m  478. 9i 
to  98s.  7d.  or  108  per  cent.,  at  which,  owing  to  the  increased  prioi 
of  materials  and  of  labour,  it  continued  long  after  many  of  the  ini 
manufacturers  were  known  to  be  losing  money  on  every  ton  of  iwt 
they  sold. 

In  Prussia  the  increase  in  the  pay  of  the  men  was,  as  will  be 
shown  hereafter,  very  much  less  than  in  the  United  Kingdom  or  ii 
America;  but  still  the  trade  was  an  unprofitable  one,  and  those  who 
pursued  it  sought  relief  by  weighting  the  imported  iron  with  a  1(^ 
duty,  which  was  imposed  in  1879.  It  remains  to  be  seen  whether  is 
the  course  of  years  and  in  times  of  good  demand,  this  artificial  angmes- 
tation  of  price  will  not  be  followed  by  the  same  results  which  hire 
marked  the  history  of  the  German  iron  trade  between  1860  and  I87S. 

Belgium,  already  referred  to  as  a  country  supposed  to  be  able  to 
compete  on  British  soil  with  British  iron  makers,  in  reality  has  not 
greatly  altered  her  position  during  the  last  ten  years,  untQ  1880,  whea 
the  make  of  iron  showed  an  increase  of  8  per  cent,  as  compared  with 
1870. 

In  the  year  1865  this  kingdom  raised  1,018,000  tons  of  ironofe; 
but  in  1876  this  had  fallen  to  269,000  tons,  of  which  166,000  weie 
exported,  chiefly  to  France.  In  1881  the  product  was  only  200,OW 
80  that  practically  Belgium  is  entirely  dependent  on  imported  ore  to 
lier  blast  furnaces,  the  amount  imported  in  1881  being  1,169,206* 
tons,  as  against  301,000  in  1866  and  1,206,717  tons  in  1882. 
*  Part  of  this  was  probably  in  transit  to  Germany. 
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Up  to  the  jear  1866  the  duty  on  pif?  iron  imported  into  Bel^ntn 
iras  19b,  7d,,  and  on  bar  iron  89s.  2d.  per  ton:  in  that  year  they  were 
reduced  to  48.  2d.  and  Ss.  rcBpectively,  This  alteration  produced 
little  eifect  on  the  quantity  of  pig  received  into  that  Miigdorn.  In 
|M5  24,864  tons  were  imported  at  the  high  duty,  and  two  year* 
^nr,  under  the  low  duty,  the  quantity  had  only  risen  to  about  42,549. 
Hb  import  gradually  increased  up  to  1872,  when  it  reached  137^000 
tons.  In  the  meantime  however  the  home  production  had  risen  from 
},767  tons  in  1865  to  655,565  tons  in  1872 — proving  conclusively 
>  the  lowering  of  duty  had  not  impeded  the  manufacture  of  pig  iron. 
Since  1872  the  iron  trade  in  Belgium  has  experienced  the 
itudes  which  bcfel  the  same  trade  all  over  the  world;  but  it  may 
be  questioned  whether,  in  spite  of  its  small  protective  duties,  and  of  its 
being  nearer  to,  and  therefore  more  accessible  from,  the  United  Kingdom 
^an  Germany  and  most  parts  of  France,  the  home  manufucturc  af 
tilts  enterprising  little  kingdom  has  not  stood  its  ground  as  well  as 
iers  protected  by  much  higher  tariffs. 

foDowing  tables  exhibit  the  position  of  the  Belgian  iron  trade, 
1870  to  1880,  in  thotiBands  of  tons  :— 


LThe 


Pig  iron 

„       imported 

eiported* 

nBumed  at  home 

MAlleable  iron  made 
Steel  mndc 

Stoel  and  iron 


1870- 

1873. 

1873- 

ATcraveof 
cmdiDflSTB. 

1880 

666 

655 

607 

497 

mo 

82 

137 

146 

183 

206 

647 

792 

752 

eso 

816 

10 

40 

27 

11 

41 

637 

74a 

725 

mi 

776 

=* 

^— 

'^ 

= 

*^ 

491 

502 

4H0 

404 

450 

6 

15 

21 

81 

95 

497         517 


501 


4«6 


545 


i 


The  various  articles  of  wrought  iron  or  steel  imported  into  Belgium 

insignificant  in  amount,  not  exceeding  15^000  tons  per  annum, 

cheap  rate  however  at  which  ore  and  pit(  iron  are  imported^  aided 


»  Po«fil»lj  chiefly  lo  tratuut  to  Gernitttiy,  and  ib,  thereforp,  dt^ducted  from  tlio 
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by  cheap  labonr,  has  enabled  that  country  to  carry  on  an  export  tzade, 
fully  equal  to  a  consumption  of  one-third  of  the  pig  iron  it  has  mile 
and  imported : — 


EXPORTS  FROM  BELGIUM. 


^ 

1878. 

TOOM. 

J!5* 

Tons. 

St 

Steel  (chiefly  rails)    .. 

18,287 

26,956 

46,667 

46,677 

Iron  rails         

42,599 

34^278 

29,596 

28,184 

Plates 

16,223 

23,198 

28^1 

82,802 

Wire 

2,036 

2,898 

8,898 

4,660 

Section  irons 

113,150 

132,769 

154,495 

162,389 

NaUs 

10,296 

9,096 

8,808 

10371 

Undassed       

13,543 

17,610 

20,827 

20.247 

Castings          

1,999 

10,551 

12362 

14,528 

218,083 

257,351 

298,939 

819,648 

During  the  three  years  1875,  1876,  and  1877,  England  recei?Bd 
of  the  above  articles  83,792,  36,752,  and  52,662  tons  respectively. 

52,000  tons  is  unquestionably  a  large  quantity  of  malleable  iron  to 
be  received  by  England  from  Belgium;  but  Belgium  is  the  last  plicf 
we  ought  to  regard  with  any  ill-will  in  i*eference  to  such  a  tran8acti<», 
seeing  that  at  least  three  times  this  weight  of  British  pig  iron  has 
been  used  up  by  the  Belgian  manufacturers. 

In  1881  and  1882  the  weight  of  iron  and  steel  received  from 
Belgium  was  50,100  and  43,800  tons  respectively,  while  fix)m  Germany, 
which  demands  protection  against  British  iron,  75,000  tons  in  the  yeir 
1881  and  72,000  tons  in  1882  were  landed  at  British  ports. 

With  France,  between  which  and  ourselves  extensive  commercial 
relations  exist,  we  do  but  little  in  iron,  owing  to  the  high  rate  of 
import  duties  levied  on  all  forms  of  the  metal.  These  rates  are  » 
follows: — 


Pig  Iron. 
12s. 


Bar  Iron. 
408.  lOd. 


Iron  Rails. 
408.  lOd. 


IronPIatM. 
57s.  Id. 


Sleel  Rails. 
488.  9d. 


Steel  Plal« 
788.  4d. 


With  the  exception  of  pig  iron,  our  transactions  may  be  said  to  ht 
absolutely  nU.  In  1860  the  duty  on  this  article  was  898.  2d.,  from 
which  it  was  reduced  to  328.  in  1864,  and  finally  in  the  following  year 
to  12s.  where  it  now  remains. 
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^:         The  fcillowing  ehows  the  make  and  importations  since  1866,  in 
thonsaadB  of  tons: — 


fi 


IflBB.  1867.  I96&  19B>.  1870.  ISTL  1872.  1879L  1871  1875.  t87«L  1877.  l«tt.  1S79.  18SQ. 
..       d!»     931     934  1,018     933    »9  1,217  1.3G6  1,433  1,416  1.4&3  1,623  1.508  1,314  I.7S3 
\tmpoi%  143     15S     107     127      83     H     123     125     122     203     1S«     21S     m     153     187 

Ijift  1^  ijm  U4&  1,00b  1S6  U39  1J91  1^  hm  1.637  hlM  M74  M^  MM 
«ipCM4«d        23       IS      21       23      16      14     36       46       51       48      52      19       50^     60*     M' 

!"  }    ^^  *^  ^^  ^^  "^  "^  ^  ^  ***^  ^  ^  ^  ^  "^  ^ 


Prom  these  figures  it  would  appear  that  at  least  *Jn  per  cent,  of  all 
iron  used  in  France  is  French  make. 

As  regards  ore,  the  quantity  raised  in  France  durinjr  the  twelve 
tending  1879  varied  from  2,099,000  tons  to  ;:SwnO/)no  tifns;  the 

being  2,770,000. 

In  1869,  the  first  of  these  years,  France  imported  59'_\000  tons  of 
»;  in  1880  she  brooght  in  ljfl8,000,  equal  to  88  percent,  of  her 
tiflnmption  during  the  three  years  ending  1880. 

Russia  produces  a  small  quantity  of  iron,  chiefly  smelted  with 
arcojil  and  discourages  all   importations  by  imposinjf   prohibitivf 
llties  as  follows: — 


lU.8d. 


BwItod. 
78s.  M. 


Iron  Mid  Steel  RailH. 
98a,  4d. 


ITOQ  mad  Bieel  PLBtw. 
108s.  4d. 


As  already  intimated  the  United  States  uf  America,  Germany, 

ice,  and  Belgium,  from  their  mineral  wealtli  and  geographical 

Bition^  constitute  our  most  formidable  rivals  in  the  manufacture  af 

Hn.     With  the  exception  of  Belgium  efforts  more  or  less  vigorous 

ive  been,  and  are  still  l^eing  made,  to  exclude  the  produce  of  Great 

itain  fmm  entering  into  competition  with  that  of  home  origin. 

ader  these  cmjumstaiioea  it  is  perhaps  worth  speculating  on  the 

gpects  of  the  non-producing  couutries  being  able  to  aljsorb  any  por- 

OQ  of  British  made  iron,  for  which  future  legislation  abroad  may  eom|>el 

to  seek  other  markets.      For  this  purpose  a  table  for  ten  years  has 

en  compiled  from  the  statistics  in  the  Report  of  the  British  Iron  Trade 

dation.2    In  it  liavt'  l)een  inserted  the  quantities  of  iron  imported 

the  chief  iron  producing  countries  to  which   Holland   luis  been 

r  ^  Attumcd. 

*  TiiK  weights  Included  all  descriptioni  without  reference  to  their  being  steel 
Dttglit  or  cu.^t  iron. 
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added,  because  a  large  portion  received  by  it  is  merely  m  tiransHu, 
chiefly  to  Germany.     It  is  almost  needless  to  say  that  nearly  the  whole 
of  the  imports  in  question  is  derived  from  Oreat  Britain. 
The  following  are  the  quantities  in  thousands  of  tons: — 

187L  187S.  187S.  1874.  187&  187&  1877.  18781  UHL   VUk 

United  States      ...  927  970  488  283  206  158  167  157  717  US 

Germany 806  423  381  216  299  298  284  289  259    89 

HoUand    290  389  397  237  263  267  224  259  239    2iO 

Belgium —  163  175  110  109  115  98  90  88     IK 

France      84  108  110  84  104  112  123  112  101     U7 

Russia      110  137  243  199  170  132  100  86  2U     SM 

1,717  2,190  1,794  1,129  1.151  1,082     996     993  1^0  2i7I 
Other  countries    ..    1,452  1,192  1,163  1,358  1,307  1,142  1,350  1,303  1^873  1J516 

3,169  3,382  2,957  2,487  2,458  2,224  2,346  2,296  2383  8,787 

In  a  communication  to  the  Iron  and  Stqel  Institute  in  the  jear  1875, 
I  ventured,  after  my  examination  of  the  Am^'can  works,  on  the  jot- 
diction  that  we  must  prepare  to  look  upon  our  vast  dealings  in  iron 
with  the  United  States  as  a  thing  of  the  past.    A  glance  at  the  first  line 
of  figures  up  to  the  year  1878  may  be  taken  as  an  evidence  of  the 
correctness  of  this  view  of  the  case.    A  different  coition  of  things 
obtains  in  1879  and  the  following  years,  but  this  is  one  upon  whidi  no 
estimate  of  the  future  can  be  grounded.    There  are,  no  doubt,  nun; 
in  the  United  States  who  dissent  strongly  from  the  policy  of  protectiie 
'  duties,  but  their  opinions  are  not  those  which  as  yet  arOipermitted  to 
guide  the  conduct  of  affairs.    High  duties  still  continue  to  be  levied 
and  the  large  importations  perceptible  in  the  last  two  years  are  soldr 
attributable  to  a  sudden  demand  for  materials  required  for  a  laige  and 
unexpected  expansion  of  railway  communication.    This  demand  stiD 
continues  in  a  modified  form  but  we  have  only  to  look  to  the  extra- 
ordinary and  unprecedented  efforts  made  by  the  iron  trade  of  the 
country  to  satisfy  ourselves  that  this  demand  is  only  temporary  in  iti 
character. 

To  judge  of  the  requirements  and  position  generally  of  the  United 
States  in  respect  to  pig  iron  the  following  figures,  in  thousands  of  net 
to][i8  of  2,000  lbs.  ai'e  given: — 
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isn.  1872.  isn  i«7i  1A7&.  int.  im.  1878^  um  isbol  un.  im 

e  1.^    S,8&«    2.8fi»   %em   S1966   ftOSS   Ji;314   3,677   3»0ro   4,195   1.641    EvlTB 

..       19»      377      tMl       103        S9        83        6S        74      MO      m      BflO      <N 

2^  xm  3^m  im  i^  %m  i^  sm  im  im  mH  im 

The  history  of  the  iron  trade  tif  the  United  States  ought  to  be  a 

on  to  iiuy  one  who  veutnreB  on  lookitig  far  into  the  fixture  of  this 

Bch  of  industry.      In  the  year  1871  the  American  Iron  Tmde 

riation  estiraated  the  annual  producing  power  of  the  SUtes  in  pig 

J  bo  be  equal  to  two  iind  a  half  millioDH  of  tons,  and  the  actual 

I  for  that  yeai'  was  cltjse  on  two  millions.    The  extravajafant  prici'S 

1872  and  1873  in  Great  Britain  made  it«elf  felt  all  over  the  world; 

tiiis  led  to  such  an  increase  in  the  number  of  famae^s  on  the 

tier  side  of  the  Atlantic,  that  by  the  end  of  the  latter  year  the 

[lerican  ironmasters  stated  their  ability  to  turn  out  i>,43D,000  tons* 

fcing  an  increase  of  J  71  t>er  i-ent.  in  two  y^^iira.*     From  some  c^use  *»r 

Bother  a  very  liirge  pnipurtiun  of  the  augmented  ea}>acity  remained 

unutilized,  while  the  imi>ortations,  as  the  table  shows,  manifested  a 

irked  increase;  but  the  whole  quantity  of  pig  in>n  made  and  im- 

l  was  under  itO  iter  cent,  nf  the  alleged  jH»wei"fi  of  home  production. 

It  is  unnecessary  to  pursue  at  greater  length  the  history  of  the 

bnderful  deyelopmcut  of  the  iron  trade  in  America,  for  the  figures 

Bt  given  speak  for  themselves.     It  may  be  mentioned  Ixowever  that 

sides  pig,  there  was  imijurte^l  inti*  the  United  States  a  considerable 

weight  of  rails  and  fither  desc'riptions  of  ii-ou.     Thus  in  the  four  years 

ending  1882   there  was   received   r»f  all  kinds   7:il,l^C,   1,870,42^, 

^A7^f25\K  and   l,ll»2,68.S  tuns  respectively.     When  to  these  large 

^KireSi  those  representing  the  make  of  the  State,s  themselves  are  added, 

'  we  have  a  weight  which  nmj  be  regiUtled  m  l?eing  reiiuired  for  home 

onsuniption,  far  in  excess  of  anything  hitherto  devoted  to  u  similar 

hy  ourselves.     At  page  444  the  quantity  estimated  as  having 

used  in  the  United  Kingdom  in  188:^  was  B,495>000  tons;  whereas 

amsumption  ibr  domestic  nse  in  the  United  States  would  not, 

fcking  ullnwance  ft>r  the  wante  ii»  conversion,  lie  fnr  short  of  B,G*>0,(M)0 

The  table,  exJiihitrtig  the  prtiportions  of  iron  taken  from  us  by  irtm- 
ucing  countries  and  by  those  nations  who,  prat^ticaliy  speakiniTi 


'  TKe  *?iport*  ht'hi^  iii«4Jgnificiuil  uu  uutice  i£  takisu  vt  theoi. 
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make  no  iron  of  their  own,  tells  as  that  about  60  per  oent.  of  aD  our 
exports  is  reoeived  by  the  former.  If  the  time  ahonld  arrire  when 
our  present  competitors  mann&ctnre  soificient  for  their  own  wants,  it 
should,  according  to  the  present  figures,  have  this  60  per  cent,  of  onr 
exports,  equal  to  about  one-fourth  of  our  production,  thrown  on  oar 
hands,  less  that  further  quantity  which  the  non-prodncing  oountriei 
may  in  the  meantime  be  able  to  absorb.  Such  a  change  as  that 
referred  to  is  not  likely  to  occur  suddenly  or  in  the  immediate  fatore. 
At  the  same  time  we  cannot  shut  our  eyes  to  the  great  fluctaationft 
which  have  taken  place  during  recent  years  in  our  foreign  trade.  Onr 
exports  in  1872  to  iron-producing  nations  {vide  Table,  page  468)  were 
very  nearly  what  they  were  in  1880,  but  in  the  meantime, «.«.  during  the 
five  years  ending  1878,  they  declined  fully  one-half.  They  fell  in  two  of 
the  years  of  this  period  from  about  two  million  to  less  than  one  millioi 
tons. 

It  is  highly  improbable  that  dealings  in  iron  will  entirely  oease 
between  Great  Britain  and  even  those  nations  best  able  to  supply  their 
own  requirements;  but  whatever  the  loss  of  trade  with  such  countriei 
may  prove  to  be,  it  would  be  unwise  to  count  on  the  remainder  of  the 
world  being  able,  for  some  time  to  come,  to  relieve  Great  Britain  of 
any  great  amount  of  the  surplus,  arising  from  any  large  alteration  ii 
our  foreign  commerce. 

As  pertinent  to  this  question  I  have  extracted  from  a  Tabk^ 
compiled  by  Mr.  Jeans,^  the  quantity  of  iron  of  all  kinds  consumed  per 
head  in  1881  by  seven  of  the  chief  iron-producing  countries,  and  the 
following  is  the  result  of  my  examination: — 


Iron  Produoiiig  Countries. 

PopolaUon. 

Tons 
OouBOined. 

Lts-griw 

United  Kingdom       

85,968,000 

4,618^32 

287-51 

United  States  of  America    ... 

50,162.866 

6,065,919 

290« 

France            

37,672,048 

2,508,706 

149-16 

Qermany        

45,194,177 

2,488,957 

123-96 

Belgium         

6.519.844 

587,000 

288-9(^ 

Russia 

88,000,000 

965,000 

24-56 

Austrian  territories 

37,741,434 

625,000 

37« 

Sweden  and  Norway 

6,391,098 

220,000 

77-07 

306,639,467      18,079,514        ISTOT 
*  British  Iron  Trade  Association,  1882,  page  162. 
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Jxou  Prodttoinc  Cciutittiot 

Other  cuni»trit*«  of  Etirope»  none  of 
which  t'»Ti  be  rc|r»i'fJe<l  m^  iron- 
|»roduciug  ... 

TiiUl  for  Kuropc  liiul  CuiRnl  Stat<» 
ifntish  possessious  exchiflive  of  Indln 


Do. 


in  Indiik. 


atb  Aiuerica  and  lalandfl  ... 
i  excltistve  of  Bnti«h  posaessioiit 


PofnlBfetooL 


Ttau 


Van.  pttrluttd 


91,604,283 

978,440 

28'90 

»    398.3a3»750 

19,057,963 

10716 

I        11.465,079 

6)dl,48a 

121*40 

409,798,829 

19.679,416 

107*67 

446,759,606 

^481,951 

2*40 

6,517,000 

1H.614 

7*55 

45»449.a57 

274353 

13*50 

517.161,778 

113,382 

-49 

1,424,686,670 

20,567,746 

3238 

'  Tbus  it  will  lie  seen  that  something  sliort  of  410  millions  of  the 

dbitants  of  the  earth  consume  more  than  niueteen-twentieths  of  all 

iroTj  prodnced.  leaving  the  remRining  twentieth  to  satisfy  the 

si  ties  of  the  uther  inhabitants,  amounting  to  about  1,014  million 

miB.     This  gives  an  annual  eonsomption  of  107'67  lbs.  jier  head 

f  the  410  millions,  ajj^aitnt  1*96  lbs,  for  the  other  1,014  millions.    If 

I  spread  «>f  civilization  were  such  as  to  raise  the  CHjnsumption  among 

1,014  millions  of  persons  to  a  little  above  d  lbs.,  frtjm  a  little 

Dw  2  lbs.  |>er  annum,  as  it  now  stands,  the  two  million  tons  of  iron, 

[present  exported  from  the  Uniterl  Kiugdom,  would  find  a  market 

ere,  in  case  it  was  no  longer  rc(i aired  by  our  rivals  in  the 

iuction  of  the  raetaL     It  is  to  be  apprehended  however  that  the 

riT  of  iny Teasing  tlie  make  of  iron  among  civilized  natifins  wiU 

jraiice  more  rapidly  than  the  means  of  coiisuming  it  will  grow 

m^  those  who,  like  the  517  niiUion  Asiatics,  pass  their  lives  without 

iing  above  *4i>  lbs.  per  individual  per  anomn 

I  There   is  another  source   of   R'lief   to  the  riiauufacturer,  which 
lises  a  more  ample  area  of  cfmsuraptiou  than  the  advancing  civili- 
an of  semi-barbarous  countries,  viz.,  new  fields  of  enterprize  among 
nations  which  are  already  large  consumers.     No  industry  forma 
Letter  illustration  of  my  meaning  than  that  of  shipbuilding.      I 
Lumber  the  arrival  of  John  Coutts  on  the  Tyne  in  the  year  1840, 
Pen  he  liegan  the  constmction  of  iron  vessels  in  the  yard  now  ocou- 
by  Sir  W.  G.  Armstrong,  Mit<jhell,  <fc  Co.    But,  according  to  the 
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Report  of  the  British  Iron  Trade  Association^  so  slow  was  the  progres 
ot*  this  new  art  that  ten  years  afterwards,  yiz.  in  I85O9  the  total  ton- 
nage of  iron  vessels  built  in  the  United  Kingdom  was  only  12^^ 
tons,  while  that  of  timber  vessels  was  over  120,000  tons. 

According  to  the  same  authority,  there  were  boilt  in  sabseqoeDi 
years  as  foUows : — 

TliBber.  Iran. 

1860  147,000    64^679 

1870 161,000   265,000 

Wooden  shipbuilding  is  now  fast  disappearing,  while  that  of  ira 
is  extending  beyond  the  wildest  expectations.  In  the  year  1880  the 
tonnage  of  iron  and  steel  vessels  built  was  796,221  tons,  and  in  1881 
it  reached  1,018,208  tons.  For  the  amount  of  shipping  built  in  the 
latter  year,  including  the  machinery  for  that  portion  which  was  to  be 
propelled  by  steam  power,  Mr.  Jeans  estimates  that  not  less  thu 
800,000  tons  of  iron  were  consumed. 

I  would  conclude  these  few  remarks  on  iron  shipbuilding  bj 
contrasting  the  small  amount  of  success  which  attended  Goatts*  effoti 
with  the  present  position  of  the  Tyne,  on  the  banks  of  which  he  wii 
the  pioneer  in  the  art.  In  the  year  1881  the  iron  vessels  laundied 
from  the  yards  on  this  river  alone  reached  177,165  tons;  or  84  per 
cent,  of  the  entire  tonnage  of  the  United  Kingdom,  wood  and  iroo. 
constructed  21  years  before,  viz.  in  1860. 

Mention  was  incidentally  made,  a  few  pages  back,  of  the  resouroei 
possessed  by  the  United  States  in  the  minerals  required  for  the  pro- 
duction of  iron.  This  may  be  supplemented  by  the  assertion  thatM 
enormous  are  those  resources  that,  taking  the  country  as  a  whole,  no 
conceivable  demand  can  have  to  face  the  possibility  of  being,  e?ei 
within  many  centuries,  followed  by  exhaustion.  Such  at  least  is  the 
impression  left  on  my  mind  as  the  result  of  repeated  enquiries  in  iB 
the  large  coal-fields  on  this  side  of  the  Rocky  Mountains,  and  of  ii 
examination  of  all  the  chief  iron  ore  districts,  from  the  shores  of  Lihe 
Superior  to  the  Southern  States  of  Tennessee  and  Alabama, 

Under  such  circumstances  the  question  may  well  be  asked  as  to  the 
probability  of  the  United  States,  after  satisfying  their  domestic  wanttk 
being  able  to  administer  to  those  of  the  world  at  large.  Now  so  te 
as  the  possession  of  mineral  wealth  is  concerned,  there  is  nothing  te 
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rent  the  prodaction  there  of  any  imaginable  ijiiantity  of  pig  iron. 
its  conversion  into  the  usual  forms  known  in  eommert'e.     The 
^ittipliahment  of  «iieh  a  task  would  however  demand  a  lar^^e  addition 
the  labouring  classes  of  America ;  an  addition  whioh  not  even  its 
pid  increase  nf  popalation  wrwild  he  al*le,  for  sume  years,  to  meet. 
An  imp'jrtaat  fact<jr  in  the  liolution  of  such  u  problem  ought  to  be 
ooet  of  production,     Wa^ea  idready  high,  stimulated  by  hi^'h 
and  very  large  profiU,  produced,  as  will  be  i.)oiuted  out  in  a 
tion  devoted  to  the  iron  tmde  of  Americii,  a  very  lar^e  inflation  in 
vaiae  of  labour.     This  impediment  to  the  meeting  of  competition 
I  the  open  market  is  more  or  less  of  an  artiticiaf  ohunicteri  and 
Jy  in  time  will  be  partly  removed.    The  geographical  position  of 
\  and  ooal,  and  of  tlie  markets  themselves,  cx>ii8titiitc  un  the  other 
ad  obstticles  of  a  more  insurmountable  description.     The  distances 
er  wliich  ore  is  conveyed  are  sometimes  very  great;  as  an  example  tht* 
iuoe  of  the  Lake  Superior  Mines  is  carried  to  Pittsburg,  iuviilving 
riage  of  790  miles.     The  cost  of  transjXirt  on  the  minends  con- 
fer each  ton  of  pig  inm  I  have  aUculat4?d'  to  average  10s.  9d, 
fthe  eight  chief  seats  of  the  iron  trade  in  Great  Britain  ;  whereas  in 
United  States  the  mean  charge  at  fourteen  ol"  the  large  centres  is 
No  doubt  a  much  more  favourable  condition  of  thuigs  obtains 
he  Rontheni  States,  where  the  fuel  and  ore  lie  in  immediate  prc»ximity, 
|>r  the  purposes  of  foreign  trade  the  Northern  States  are  under  a  great 
Ivantage,  as  compared  with  some  of  the  principal  centres  of  the 
manufactiu"e  in  Great  Brit4Un.     It  costs  the  Scoti^b  or  the  Welsh 
bnma^tcr  alxjut  3s,  to  put  a  um  of  his  produce  on  bi>ard  a  ship^  and 
[Middlesbrough  vessels  are  loaded  at  the  wharves  attached  tu  many  of 
i  fnmaceB  at  a  charge  of  less  than  sixpence.    Against  these  favonmble 
the  American  manufticturers  in  oiimy  of  the  iron  districts  are 
>ly  less  than  100  miles  and  oft^n  fai'  more  than  1U(J  miles  distant 
the  shipping  port.     But  this  and  the  position  of  the  Southeiii 
ites  will  be  most  conveniently  considered  in  the  Section  on  the 
lit^  States, 
If   however   the    future   action  of    the  American   protectionist 
mfacturer  has  to  be  judged  by  his  prototype  in  Germany  it  is 
Scolt  to  predict  the  precise  line  of  c^induct  he  may  adopt.     Thi^ 


'  *  Repaft  to   lief  Mttjtfstv'j*  (J ovarii Rieiit  m*   Jroii    Mantifticturt' 
lt4^ft  mtiiftareil  %iith  thikt  of  (ireat  Hritjfcin. 


.r  thi*   VmtM 
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same  ore  is  shipped  at  Bilbao  for  Westphalia  and  for  Middlesbiougfa. 
The  sea  ^ight  is  at  least  as  favourable  to  the  Tees  as  to  Sotterdam, 
but,  when  in  the  Tees,  the  ore  is  virtually  at  the  furnaces,  where* 
the  Westphalian  manufacturer  has  to  pay  5s.  to  7s.  per  ton  before  it 
arrives  at  the  smelting  works.  In  spite  of  the  higher  wages  in  every 
department,  I  am  within  the  mark  when  I  say  that  with  pig  iron  ai 
the  same  price,  the  mere  act  of  conversion  in  most  cases  is  perfumed 
in  England  fully  as  economically,  if  not  more  so,  than  it  is  in  the  Shenid 
provinces.  Notwithstanding  an  increase  of  cost  on  the  pig  of  10b.  w 
14s.  due  to  the  inland  carriage,  and  a  second  charge  of  8s.  to  lOs.  per 
ton  for  bringing  the  steel  rails  back  to  the  port,  the  English  maken 
have  been,  on  several  occasions,  undersold,  at  a  time  when  scarcely  the 
cost  of  production  was  being  realized  in  England.  The  payment! 
mentioned  above,  for  inland  carriage,  involve  a  charge  of  208.  to  tbL 
per  ton  of  rails,  from  all,  or  a  greater  part  of  which,  many  Britidi 
makers  are  exempt.  The  German  manufacturer,  however,  seems  to 
prefer  a  loss  so  incurred,  to  stopping  his  works. 

I  would  point  out  that  the  quantity  of  iron  exported  from  Ge^ 
many  is  very  considerable.  It  was  above  a  million  tons  in  1882;  and 
although  the  observations  made  above  are  not  applicable  to  the  same 
extent  to  all  this  quantity,  yet  the  orders  for  which  the  WestphaliaB 
makers  competed  successfully  were  of  a  very  important  character. 

Is  it  not  true  then  that  German  capitalists,  attracted  by  the  pricei 
artificially  raised  by  the  import  duties,  have  extended  the  powers  of 
production  to  a  dangerous  point  ?  From  this  the  only  escape  hsi 
lieen  the  exportation  of  a  portion  of  their  produce  at  a  loss,  which  lo« 
is  recouped  by  the  better  prices  paid  by  the  inland  consumer. 

The  object  of  the  present  section  is  not  to  render  a  comjdete 
statistical  account  of  the  make  of  iron  and  its  destination.  This  h» 
been  well  done  by  the  British  Iron  Trade  Association  in  its  jmAj 
publications,  which  merit  the  attention  of  all  those  interested  in  the 
subject.  My  attention  was  intended  to  be  confined  to  the  use  of  lock 
figures  as  would  exhibit  the  relative  positions  of  the  different  iroo* 
producing  nations,  accompanied  by  some  information  of  a  genent 
kind  to  indicate  the  application  or  destiny  of  their  products. 
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SECTION  XVL 


BRITISH  LABOUR  COMPARED  WITH  THAT  OF  THE 

CONXraENT  OF  EUROPE. 

the  sums  which  oonfititute  the  cost  of  British-made  iron,  tho«e 

lioh  are  Dot  directly  effected  by  the  money-ralue  of  British  laboiir 

L  comparatively  a  eraall  part.    The  item  least  dependent  an  the  wages 

rket  is  the  not  unimportant  one  of  royalty;  but  even  there  we  have 

lications  which  may  lead  us  to  aupjxjse  that  the  owner  of  the  8f»il 

not  remain  altogether  iminfluenced  by  the  upward  tendency  of 

!  earnings  of  those  who  extract  the  mineral  fmui  beneath  the  BuifacL*. 

Be  this  last-named  conjecture  as  it  may,  it  could  he  shown  that  the 

^  eii^^:ed  in  miniDg,  conveying  the  mw  materials  to  the  furnace, 

smelting  the  ore,  forms  about  80  ]icr  cent,  of  the  cost  i^f  pig  iron. 

hen  we  e^me  to  examine  the  details  of  the  expense  of  pmducing 

tlesble  iron  or  steel,  even  in  their  simplest  forms,  it  will  be  found 

wages  make  up  about  90  per  cent,  of  the  whole.     Under  such 

imstanoes  the  actual  cost  of  a  given  amount  of  labour  is  an  all- 

it  factor  in  examiuing  the  subject  of  the  present  section. 

The  lowest  wage  earned  by  the  working  class  in  Europe  is  usually 

found  in  those  parts  which  are  purely  agi'icnltiiraL     The  personal 

i  of  those  who  devote  themselves  to  the  cultivation  of  the  fii>il, 

'  who  follow  a  pastoral  life,  are  usnally  less  than  the  outgoings  of 

i  occupied  in  other  industrial  pursuits:  and  when  this  most  ancient 

fupation  is  followed  in  a  warm  climate,  lightness  of  clothing,  and 

liet  chiefly  vegetable,  assist  in  keeping  down  the  cost  of  living. 

The  sadden  introduction  on  a  large  scale  of  a  manufacturing  in- 

fttry  into  an  agricultural  district,  tends  to  disturb  the  value  of  lalK>ur 

.  may  have  prevailed  for  many  years.    On  the  other  hand  mining 
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or  any  c;nip]ojment  not  requiring  long  tndnmg,  may  find  a  footai^  to 
a  modeni^te  extent  without  greatly  affecting  the  normal  late  of  wagn 
of  a  district.  Such  at  least  has  been  the  experience  of  the  lead-miniBi 
districts  of  the  North  of  England. 

In  illustration  of  what  has  been  advanced  may  be  quoted  the  dailj 
pay  of  the  labourers  on  an  Indian  tea  plantation,  who,  as  well  as  tbe 
workmen  at  a  small  blast  furnace  adjacent,  receive  only  five  pence  t 
day.  In  this  case  the  furnacemen's  wages,  although  higher  pohap 
than  those  of  the  ordinary  agricultural  labourer,  do  not  exceed  tiaoKd 
the  tea  cultivator. 

On  the  shores  of  the  Mediterranean,  between  Malaga  and  Gibraltar, 
the  rate  of  agricultural  wages  was  given  me  in  1872  as  equal  to  la.  0)d. 
per  day;  but  the  labourer  was  able  to  keep  himself  on  4d.,  hisda^ 
nourishment  consisting  of  about  2  lbs.  of  bread  and  one  oonoe  of 
olive  oil,  with  a  little  salt,  boiled  into  the  national  dish  gcutpacho. 

The  workmen  at  a  charcoal  iron  furnace,  situate  between  thesetvi 
towns,  were  being  paid  as  follows: — Iron  ore  miners.  Is.  3d. ;  foiBMe 
keepers,  2s. ;  slag  men.  Is.  S^d.  for  one  day's  work. 

In  the  event  of  a  new  industry  being  established  on  a  small  wait, 
the  wages  earned  by  the  workmen  continue  to  be  regulated  more  cries 
by  the  rates  previously  current  in  the  country.  Thus  in  anoth^  ptfi 
of  Spain  I  visited  furnaces  making  280  tons  of  iron  per  week,  what 
the  head  keeper  was  paid  4s.  4d.  for  his  day's  work,  and  assistants  aai 
slagmen  from  2s.  2d.  to  2s.  lOd.  The  blast  engineman  for  three  te* 
naces  had  only  2s.  lOd.,  and  his  fireman  Is.  lOd.  One-third  of  Ai 
workpeople  were  women,  who  received  Is.  5d.  Partly  owing  to  tai 
perfect  arrangements  than  are  found  at  the  latest  erected  works  ii 
Great  Britain,  and  partly  no  doubt  owing  to  the  inferior  living,  thov 
were  nearly  one- half  more  people  employed  at  the  establishment  it 
question,  for  very  little  more  than  half  the  iron  produced,  as  ooa- 
pared  with  the  best  Cleveland  furnaces.  The  average  earnings  of  A* 
workpeople,  all  told,  were  under  2s.  per  day,  or  less  than  one-half  to 
rate  paid  in  England;  notwithstanding  which,  for  the  reasons  ahedlf 
assigned,  the  cost  for  labour  per  ton  of  iron  was  about  the  same* 
that  incurred  in  the  district  with  which  the  comparison  has  been  madK* 

Old  as  is  the  iron  trade  in  Sweden,  its  relative  extent^  and  that  i 
manufactures  in  general,  as  compared  with  agriculture,  is  not  aach  ^ 


7  (working  12  hours). 

0 

6  to  3». 

7 

3  (wi>rkitig  10  buars). 

It  is  aome  years  since  these  rates  were  obtained  in  the  fcwn 
itries  JD8t  raentionetl;  bot  a  (joveniment  Rejwrt*  preparerl  for 
ibe  Paris  Exhibition  givers  1r.  3d.  U>  2s,  tid.  an  the  earmngs  in  1878 
lof  an  AustriaE  coal  hewer. 

laving  thus  shown  in  general  terms  that  on  the  first  appearance 
aanufacturing  enteiprifie.s  in  au  agricultni'al  conntrj  they  have 
rate  of  wages  determined  in  a  great  measure  by  the  value  of 
Dtiltoral  labonr,  we  will  now  pn»ceed  to  review  the  circumstancea 
[iding  a  more  advunwd  state  *>f  development  as  applied  to  the 
i  trade. 

be  t508t  of  food  is  an  all-imyxjrtant  element  in  eonsidering  the 

tion  before  ns,  for  it  is  to  the  labonrer  what  wages  are  to  the 

aa8ter.     In  both  eases  we  have  to  deal  with  the  chief  expense  in 

incing  that  article  which  the  workman  has  to  sell  and  the  manu- 

arer  hajs  to  buy,  vi/.*  labour. 

ame  remarkable  changes  have  taken  place  in  later  years  in  the 
^nal  value  of  objects  of  daily  consumption.     Often  however,  in 
where  there  has  been  ao  increase  in  apparent  value,  the  alteration 
ae  to  the  greater  abundance  of  the  precious  metals;  and  on  the 
hand,  where  pna>s  have  fallen,  the  ditfereiice  is  generally  the 
result  of  improved  methods  of  production  or  in  the  cf>nveyanee  of 
At  other  times  these  two  oppo8ing  furees,  8(>  to  apeak,  msiy 
f  a  tendency  ti:»  counterbalance  each  other  in  the  effect  upon  the 
modity, 

Pbe  eoat  of  the  food  previously  mentioned  aa  consumed  by  an 
Cfultuml  labourer  in  Spain  at  the  present  day,  apj>ear8  to  correspond 

Die  Minonilkoti1f*u  UeRt<?rrcichi*.  IWtH,  |k  fWi. 
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in  amount  with  that  of  his  predecessor  in  England  200  yean  »go;  fcr, 
according  to  Sir  William  Petty,  a  countryman's  wage  was  then  four- 
pence  per  day  with  his  food,  or  eightpence  if  he  found  himself  ii 
victuals. 

Macaulay,  in  his  History  of  England,  quotes  beer  and  batcher 
meat  being  much  cheaper  in  1685  than  it  was  when  he  wrote,  aboa 
thirty  years  ago.  Yet  the  price  of  meat,  3d.  to  S^d.  per  lb.,  was  socb 
that  thousands  of  families,  he  says,  scarcely  knew  the  taste  of  it  Oi 
the  other  hand,  according  to  this  author,  the  produce  of  tropiol 
countries  and  the  produce  of  the  mines  was  positively  dearer  thaniA 
present.  Under  such  a  condition  of  things  the  labourer  in  1685 
would  have  to  pay  more  for  such  absolute  necessaries  as  sugar,  sik, 
coals,  candles,  soap,  shoes,  stockings,  and  generally  all  artides  tf 
bedding.  At  the  same  time  Macaulay  gives  it  as  his  opinion  tbtf 
blankets  and  garments  in  the  older  time  were  not  only  more  octAjt 
but  less  serviceable  than  they  are  in  our  own. 

There  is  no  more  important  item  of  household  consumption  of  4e 
working  classes  than  flour;  yet  Macaulay  mentions  that  during  tlie 
last  twelve  years  of  the  reign  of  Charles  II.  wheat  was  508.  per  qnartff. 
Bread,  he  says,  such  as  now  is  given  to  the  inmates  of  a  workhouse,  w« 
then  seldom  seen  even  on  the  trencher  of  a  yeoman  or  a  shop-keeps. 
The  great  majority  of  the  nation  lived  almost  entirely  on  rye,  bari?* 
and  oats.  The  average  price  of  wheat  during  the  last  five  years  endiog 
1870  has  fluctuated  between  41s.  7d.  and  54s.  7d.,  the  average  beiBg 
48s.  Id.,  or  4  per  cent,  lower  than  it  was  two  centuries  ago,  irrespedi^ 
of  the  greater  value  of  money  in  former  times.  This  therefore  a  • 
case  where  improved  agriculture  and  ameliorations  in  transport  haw 
countervailed  and  much  more  than  countervailed  the  enormous  fc* 
preciation  in  the  circulating  medium. 

With  the  facts  and  figures  just  enumerated  before  us,  and  withlta 
knowledge  that  the  lowest  wages  in  the  agricultural  districts  contiguoai 
to  our  great  centres  of  industry  are  at  least  four  times  as  high  as  tbej 
were  two  hundred  years  ago,  no  one  can  deny  an  immense  improvemeak 
in  the  condition  of  the  labouring  population  of  our  time,  as  oompawi 
with  that  of  their  predecessors.  As  has  been  shown  above,  thepiff- 
cliasing  power  of  money  in  the  reign  of  Charles  I.  was  much  gieattr 
than  it  is  at  the  present  time;  but  so  far  as  wheat,  which  forms  now  SB 
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Qportant  an  ingi-edient  in  the  wurkman's  food,  is  concerned,  hs  much 

>  be  bought  for  a  shilling  to-day  as  could  be  obtained  for  that  coin* 

r  hundred  years  ago. 

abouring  men  at  present  live  in  better  houses,  eat  better  food, 

better  clothing,  and  are  able  to  comraand  enjo)Tnents  utterly 

>nd  the  reach  of  their  forefathers.     Their  employera  on  the  other 

receive  a  larger  amoimt  of  labour,  afforded  with  greater  ease  by 

who  pnxlttoe  it  than  the  lesser  quantity  by  the  badly  paid,  badly 

badly  fed,  and  badly  clothed  workmen  of  two  centuries  ago. 

i,  for  an  illustration  of  the  connection  of  good  wages  with  good 

5rk,  we  do  not  require  to  go  back  two  hundred  years;  for  our  own 

lines  afford  us  the  means  of  comparing  the  condition  and  ^alue  of 

ill  paid  men  with  those  who  are  the  reverse. 

jit  matters  little  however,  in  a  comprehensive  new  of  the  labour 
tion,  how  well  a  man  ia  paid,  unless  8t>me  consideration  is  given  to 
^purchasing  power  of  the  money  he  receives. 

dig  purchasing  power  of  the  workman's  earnings  is  evidenced  of 
J  by  the  prices  paid  for  the  usual  artricles  of  domestic  consuraptioin 
I  any  advantages  in  this  respect  would  necessarily  permit  a  workman 
B|K)se  of  his  labour  more  cheaply  than  one  less  favourably  situattd 
Id  afford  to  do.  There  is  no  doubt  that  forty  years  ago  the  foreign 
?^urkman  was  able  to  command  the  necessaries  of  life  on  much  easier 
bferms  than  were  our  own  countrymen,  1  have  myself  remarked  this 
B|be  time,  when  on  visits  to  Continental  iron  works;  but  it  has  also 
^pe  within  my  observation  that  since  184^0  a  remarkable  alteration 
Hthis  respc^ct  has  taken  place,  many  articles  being  now  siipjilied  In 
^■ai  Britain  at  mucli  cheaptjr  rates  than  were  formerly  paid,  while  in 
^■noe,  Germany  and  elsewhere  the  same  commodities  have  o:reat]y 
^kn  in  price.  The  adoption  of  Free  Trade  in  this  country,  and  the 
Hpities  afforded  to  transport  both  on  land  and  water  by  the  iutro- 
Htion  of  steam  as  a  propelling  power,  have  placed  the  United 
^■kgdom  in  economical  con'espcmdence  with  foreign  seaporti*, 
■  The  actual  weight  of  weekly  food,  required  for  a  family  of  two 
HltB  and  four  or  five  cldldren,  does  not  amount  to  50  lbs.  Under 
^B  conditions,  a  veiy  few  pence  per  week  will  represent  the  cxt/^nt  of 
H  disadvantage  of  the  British  workman,  as  compared  with  the 
Bigoer,  supposing  the  former  were  exclusively  fed  on  produce  grown 
^m  the  home  of  the  latter 


480  SECTION  XVI. — BRITISH  LAB0T7B  OOXPASED  WITH 

The  Continental  farmer  has  thus  found  in  the  British  oonsmneri 
customer  for  produce  rarelj  if  ever  sent  from  his  own  neighbooibood 
in  former  days.  Such  a  development  of  our  relatioiiB  with  fiiragi 
nations  has  of  course  tended  to  equalise  prices  here  and  abroad— the 
increased  demand  on  the  Continent  has  raised  the  prioes  there,  iMt 
the  increased  supply  with  us  has  had  an  opposite  effect — greatly  to  tfie 
benefit  of  the  producer  abroad  and  to  the  consumer  in  the  British  Us. 

As  examples  of  this,  I  would  mention  that  at  the  time  of  a  joanxf 
undertaken  in  1847,  butcher  meat  was  being  sold  in  France  nd 
Germany  as  low  as  4d.  per  lb.  I  made  no  memorandum  of  the  pfio» 
charged  in  the  North  of  England  at  that  time;  but  it  would  piobab^ 
be  one-half  more  at  least  than  the  figure  just  named. 

Twenty  years  after  this,  viz.  in  1866  and  1867, 1  find  the  foDoiiif 
quotations  in  my  note  books,  for  animal  food: — 


(L           d. 

Sweden 

6    to7 

France,  St.  fitienne     

Si 

„       Bonches  du  RhAne 

6i  „  74 

Central          

..        6*  „  61 

„       Eastern          ...-       

...        61  „  7i 

Belgium           

...        7f  „  8i 

Austria 

6 

These  prices  show  an  increase  of  about  75  per  cent,  as  oompaid 
with  1847,  and  were  only  about  10  per  cent,  cheaper  than  the  iii» 
prevailing  at  the  same  time  in  the  mining  districts  of  Durham  vi 
North  Yorkshire. 

As  a  further  instance  of  the  levelling  tendency  in  prices  in  reoeot 
years,  may  be  quoted  the  fact  that  Continental  Europe  as  well  as  (0- 
selves  is  now  drawing  large  supplies  of  provisions  from  the  Unitri 
States.  American  cheese  and  American  bacon  are  now  to  be  found  ii 
many  parts  abroad;  with  this  difierence  however  that  they  are  usoallf 
saddled  with  an  import  duty,  from  which  legislation  has  fortooiMf 
relieved  the  British  subject.  The  advantage,  from  a  consumer's  poiit 
of  view,  of  the  legislation  for  which  we  are  mainly  indebted  to  Villien 
Cobden,  and  Bright,  is  conspicuously  seen  in  comparing  the  prices  d 
wheat,  given  a  few  pages  back,  with  those  which  obtained  before  tk 
change  in  our  Com  Laws  jast  referred  to. 
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ic  following  are  defuanial  averages  for  Eiiglimd  and  WaJes, 
min^  with  that  ending  in  1810,  tdcen  trom  the  statements 
a^ed  by  the  Receiver  of  Corn  Retnr-ns:*— - 

lOT«v«eiidlos  mo,  1890.  1830  IMO  1846. 

£   «.    d.     £    t.  a.     £    ».    a      £  a.    a      £    «.  d. 

tefflge  per  qiinrUT     4    4    0      4    7     B       2  19    (i       2  16  11       2  14    9 

heitpncc  ..     5  19    6      6    6    6      3    H    6      »  10    8      d    4    4 

lie  average  price  of  wheat  during  the  eight  years  ending  1860  wa« 
r7B-  8d.  per  quarter;  this  In  the  succeeding  eight  years  fell  to 
2d.,  then  to  £2  12b.,  and  in  the  years  1876-1879  it  wjis  only 
On  the  Other  hand,  in  the  year  1852-53  we  grew  1P57  rniilions 
irter8,and  imported  5*9  nnllions:  in  the  year  1878-79  we  prodaced 
millions,  and  imported  14*43  millions.  It  has  alsci  to  be  remarked 
:>tir  home-grown  wheat  and  that  suppMed  by  other  conntries  in 
-5S  Bufliced  to  keep  the  price  at  £2  48.  7d*  per  q nailer;  bnt  in 
i-54,  owing  to  a  bad  harvest,  onr  home  sopply  fell  to  10*64  miOions; 
le  market  being  unprepared^  having  only  imiwrted  6'0i*  millions,  ov 
ically  the  same  as  the  previoUK  ycnir,  tlie  pri^^e  rose  to  £S  1^2e,  lid, 
Crimean  war  then  broke  out,  and  interrupted  our  relations  with 
;;  onr  imports  of  wheat  fell  off  in  18r»4-5r>  and  lH5rj-5(i  to  2*S»H 
26  millionH  res|)ectively,  and  £.he  prices  consequently  nveraged 
28.  during  those  two  years.^  When  it  is  rememljered  that  this 
:  would  inflict  an  extni  outlay  of  about  28.  per  week  on  a  family 
adnlts  and  four  children,  and  that  in  cases  where  the  inot)me 
c»t  exceed  IHs,  or  even  £1  per  week^  it  is  easy  tu  conceive  the 
renience,  not  to  say  actual  privation,  which  would  flow  from 
\  state  of  things. 

is  quite  true  that  with  free  importations  t»f  com,  we  have  some- 
had  very  high  prices.  Thus  in  1866-67, 1867-68,  and  1878-74, 
f  avemged  £3  Os.  4d.,  £3  88.  4d.,  and  £3  Is.  3d.  respL't-tively; 
each  of  these  years  the  harvest  in  the  United  Kingdom  was 
)ad,  and  the  importations  were  not  large  enough  to  supply  the 
incy.  The  pinching  effect  of  these  high  prices  is  manifested  in 
lantity  consumed,  which,  iusteud  of  Ixnng  5*67  bushels  as  it  was 
76*1879,  fell  to  4'80-'4*f;3  and  5*17  bushels  per  head  of  the 
Ition  in  the  three  years  just  mentioned;  ami  us  the  short 

irycloiKHlm  Britiinuicu,  Vol  7,  p.  398,  Eel  18G0. 
ipcr  !>>  LuArc*  iiud  (lUlwrt. 
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allowance  would  fall  exclusively  on  the  poorer  orders,  it  is  euy  to 
comprehend  the  suffering  which  would  be  their  lot.  Compare  howeiv 
a  suf&cient  number  of  years,  and  then  the  advantage  of  the  change  b 
clear  enough.  The  average  price  of  wheat  over  the  25  years  eaSaf, 
1843  was  59s.  2d.  per  quarter;  whereas  in  the  same  period  b^^imdi^ 
1848  after  the  repeal  of  the  Com  Laws  the  price  was  only  51b.  6d. 

The  upward  tendency  already  mentioned  in  prices  of  food  afaroii 
has  continued  from  1867  down  to  the  present  time;  for  which  stito- 
ment,  I  will  here  insert  figures  gathered  from  the  writings  of  otkr 
authors. 

M.  Chatelant,  of  the  Statistical  Bureau  in  Berne,  shows  iij 
quotations  of  the  actual  prices  of  provisions  in  Switzerland  ^ 
between  1840  and  1850  there  was  an  increase  of  about  75,  and  o 
some  articles  of  100  per  cent.  There  was  a  further  rise  between  IM 
and  1872  of  &om  30  to  40  per  cent.;  and  at  the  same  time  clotfaiDfr 
house-rent,  and  in  short  all  the  necessaries  of  life,  had  experieooedt 
corresponding  change  in  value. 

I  had  placed  in  my  hands  by  M.  Vuillemin,  the  Director  of  tk 
large  collieries  of  Aniche  in  the  North  of  France,  a  printed  tiUe 
showing  the  prices  of  articles  of  domestic  use  in  the  Pas  de  CUsis, 
given  in  francs,  and  in  periods  of  ten  years : — 

lOYeanmdinf  ..  1830.        1840.        18B0.        1880.        1870.  to   percMLfiM 

187a.     USDIom 

Butcher  meat,  per  kilo.      062  0*75  101  1-06  1-34  1-66  167 

Butter,  per  kUo.          ...     1*50  1-65  174  1-86  257  8-04  108 

Potatoes,  per  hectolitre    2*33  312  4*34  4*25  4*06  4*82  107 

Shoes,  per  pidr 2*45  217  2S0  324  4*68  6*53  18S 

Coarse  blue  cloth  per  metre  416  8*05  7'56  8*20  7*68  7*12  71 

According  to  Dr.  Edw.  Toung,»  Chief  of  the  United  Stito 
Bureau  of  Statistics,  who  made  labour  and  cost  of  living  in  Eon^ 
and  America  the  subject  of  extensive  enquiry,  the  advance  in  the  oatfc 
of  provisions  in  Prance  in  1855,  as  compared  with  the  ten  yaw 
ending  1838,  was  as  follows : — 

Batcher  MMk        Fbwla.  Battar.      Bgai.     PoIiIom. 

Percent.  Per  Cent.      PerOent.  ParOent.  PirOoi 

Increase  of  price    ...        34  to  36        35  to  61  29  25  108 

'  **  Lahour  iu  Europe  and  America." — Yaun^, 
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Tliis  writer  farther  sUibcs  that  beef,  whicli  was  selling  for  4kL 

Lyons  in  1855,  had  risen  in  1875  to  G^d.    He  also  gives  i^ome 

Bn|»arati¥e  tables  of  prices  in  different  countries  of  Europe.     His 

Citations  onfortumitely  do  not  apply  to  the  same  year  for  the  various 

itieB,  being  for  1871  in  some  places,  and  1872  in  others.     Wheat 

rever  in  England  and  Wale«  ouly  exhibited  a  differem^  of  4d.  per 

between  the  two  years  in  question.     We  may  therefore  infer 

,  there  woold  not  be  any  material  change  in  other  articles  of  food* 

Pricks  of  PBOvrsiONB  as  givbn  by  Dk.  Yobtto. 

£n«l»od.        Germtuf,         F^«nee.  Belgium,         Aosfcris, 

Bradford,       DtlMeldorf,     8V  Btienae,      ChKrleroi         Tri«iit«;, 

1871  1872.  im.  mX  1871 

&    n.  fL  £a.  d.  £a.     d.  £«.d.  £i!Ld. 

at  floor       1  13  0  1  13  0  I  13     0  I  13  10  2    8    8 1  ^l^i^iJ^^f 

...     0    0  9i  0    0  8^  0    0     9  0    0    8|  0    0    6   pcrllK 

...     0    0  8  0     0  8J  -  0    0    9  0     10 

,.     0    0  8  0    0  8i  —              —  0     10.. 

...     0    0  9  0    0  7  0    0    7          —  0    0    5        ,, 

,..     0     2  H  0    2  6  0     3     4  0     3     2  0     3     4 

I  coffee  0     1  4  0     1  3  0     1     6  0     1     li  0     1     8 

BmwDDQgar     004  006  006i00    7i006 

Coming  down  to  later  years*  and  q noting  from  the  resnlt  of  my 
enquiries,  ia  October,  1878,  I  find  the  folJovving  infornuition : — 


AITT, 

CimtATBBITAIW. 

irn             ..          1 

BAv^rUok.  Mahlofoo. 

Eohn^nrt. 

UJlnle. 

Mid<lle*broM*h. 

a. 

d. 

a. 

d. 

•.     d. 

9.     a 

ft.     0,         d. 

heti  (luar,  per 

St4>fl«     of     14 
lbs.,     seconds 

[' 

6i 

2 

1 

3     0 

X     91 

I   11          - 

Wd^perlb. 

0 

H 

0 

1* 

0  n 

— 

^           _ 

tatoei^  per  ft. 

0 

5 

0 

3i 

0     3 

0     5 

0     8- 

tef 

0 

7 

0 

7i 

— 

0    7J 

0    6    to  10  j 

Itton 

0 

9 

0 

n 

— 

— 

0     0    to  10 

»«m 

- 

- 

- 

- 

— 

— 

0    51  to    6 

rd 

- 

— 

- 

^ 

— 

— 

0    7       - 

Dote 

- 

- 

- 

- 

-- 

— 

0    7       - 

pAAnitting  differences  of  climate,  fertility  of  soil,  etc.,  to  afford 
advantages  to  the  inhabitants  of  a  Continental  locality,  in 
Qg  the  necefisarios  of  life,  it  is  clear  that  such  a^ivantages  mnst 
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be  limited,  as  far  as  the  British  oonsamer  is  concerned,  by  the  ccA 
of  transporting  a^cnltural  produce  thence  to  the  markets  of  Great 
Britain;  and  this,  on  about  10  lbs.  per  head,  amounts  to  an  inwgnificMit 
sum.  Practically  the  general  result  of  my  investigations  has  led  me 
to  think  that  this  is  in  reality  the  case;  and  that  any  diflferenoe  agaiiul 
the  British  workman,  in  the  cost  of  certain  articles  of  food,  is  [ho- 
bably  compensated  for  by  the  superior  facility  with  which  his  insular 
home,  as  compared  with  Continental  Europe,  is  supplied  with  other 
provisions  irom  the  United  States. 

As  a  set-off  against  the  supposed  equality  of  position  just  qwkeo 
of,  it  has  often  been  asserted  that  the  foreign  workman  lives  les 
luxuriously  than  do  the  inhabitants  of  Great  Britain  of  the  same 
class.  In  the  matter  of  quality  of  food,  our  own  workmen  are  parhapa 
more  fastidious  than  are  their  fellows  on  the  Continent ;  fo't  while  tk 
latter  are  satisfied  with  animal  food  of  a  second  quality,  the  fonner, 
certainly  in  times  of  moderate  prosperity,  eat  the  best  of  its  kind. 
There  may  be  some  economy  in  this,  for  no  one  knows  better  than  does 
the  hard  worked  man  about  our  blast  furnaces  and  rolling  mills  that 
his  occupation  demands  a  generous  diet ;  without  which  be  could  not 
fecc  the  severe  strain  on  his  physical  powers. 

Many  enquiries  have  been  directed  towards  ascertaining  the  actual 
cost  of  living  in  different  countries.  Without  claiming  for  any  sock 
statements  absolute  accuracy,  I  here  insert  lists  of  various  localitiear 
supposing  it  probable  that  the  errors  on  the  whole  are  not  greater  « 
one  side  than  on  the  other. 

In  the  year  1879  a  commission  composed  of  German  iron  maatcfa 
met  to  consider  the  question  of  further  protection  being  granted  to 
their  tn\de,  by  an  increase  in  duties  levied  on  iron  imported  into 
Germany.  Upon  that  occasion  they  took  evidence  on  the  weddf 
expenses  of  maintenance  incurred  by  men  occupied  at  iron  works. 

Case  No.  I.  was  that  of  a  man  engaged  in  unloading  minendaat 
blast  furnaces  (generally  done  by  shovel  work),  with  a  wife  and  six 
children,  two  to  twelve  years  of  age. 

Case  No.  II. — A  man  mixing  ores  and  limestone  (shovel  work)^ 
i^ith  wife  and  two  children. 

Case  No.  III. — ^A  man  unloading  castings,  with  wife  and  fcor 
children,  two  to  eighteen  years  of  age. 
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i 


OiK»Ko.I. 

Ko.  n. 

No.  UI. 

£    i. 

d. 

&    d. 

£    «.     d. 

Black  brcAd  (Schwnrx 

Brod)    0    2 

7 

0    9 

f  0    3    n 

Whit*?  bread 

..     0    0 

s 

I    0 

Flour 

.,     0     1 

5 

I     3 

BniUit  ,. 

...     0     I 

7 

1     4 

0     I     0 

Meat,  bacon,   and  lard 

„.     0    3 

S 

2    6 

0    3    2 

Vegetublet 

,,.     0    2 

6 

2  10 

U     4     I 

Coffee  and  cliicory     .,. 

..     0     0 

11 

1     2 

0    0    9 

Milk      

...     0    0 

7 

<♦    9 

0    0    7 

GroeerioB,  etc. 

.,     0     U 

8| 

0  11| 
12    6i 

0     I     I 

Totd  fof  i^roviaioiia 

...     0  14 

41 

0  14    5 

Clothing          

...     0    2 

91 

2    5i 

0    2^ 

Wnahmg  materials     ... 

...     0     u 

3 

n    4i 

0    0    6 

Tobacco 

,..     0    0 

31 

— 

0  0   a} 

SehobI 

..0     0 

44 

— 

0    0    21 

House  rent 

...     *>     2 

6 

2     0 

t>    1   lOi 

Firinir  and  lighting    . . , 

.,.     U     1 

8 

I     6f 

n     1     74 

Taxes 

...     0     0 

»i 

(1    24 

0    0    7i 

J£l     2 

6 

C19     U 

£1    2    3i 

Dr,  Young,  in  biB  work  already  qiiobed,  gives  the  following  as  the 
cc»st  of  living  in  various  parte  of  Geiinuny,  in  the  year  1872.  Each 
family  consisted  of  two  adults  and  of  the  numlx^r  of  chiklren  named  at 
ihe  head  of  each  column: — 


LooMity, 

Burtncn. 

EsM^n. 

AixU 

BertttL 

Htuttciifft. 

H#.  «r  <dilli1reu 

Two. 

Foor. 

Three. 

Three. 

Two. 

Three. 

Three, 

Five 

£  P.  d. 

£».  d. 

«  B,  <L 

£B.a. 

.«»,  d. 

£  •  d. 

£  B.  cL 

£  ■.  d. 

JP^foyMnfiB 

017  2i 

oia  » 

015  6 

017   * 

01ft  10 

015  ft 

01ft  34 

01ft   5 

ClotbliMT 

0  I  ai 

0  «  t 

9   4    0 

0   4    0 

0  )   9 

0  S  34 

0  2101 

0  1  31 

Tobftoeo^  beer  etc.. . 

0  S  0 

0  0  « 

0   1    6 

0   1   4t 

0  2  6 

0  9  31 

0   1   01 

0  ft  0 

SdbMlMMlchtLrcb.. 

0  1   T 

0  0  9 

0  0  6 

0  0  5 

„ 

— 

0  1    ft 

— 

EmiU  ttu^  toA  li^hl 

0  3  4 

0  s  H 

0  3  7i 

0  4   5 

0  5  4 

0  7  0 

0  S   71 

0  410 

auudriM.    (uclurliug 

0  0  S 

0  0  11 

0  I   i& 

0   1    4 

- 

0  OlOl 

0  0  4i 

0  1   8 

£1  b  H 

1  g  $ 

1  1  3 

I   llOi 

1   ft  ft 

1  8  U 

1 11  101 

1  i  H 

£1  7  0 

no  0 

I  T  d 

no  « 

2  0  3 

1   7  0 

\n  i 

113   4 

In  tliL-  laHc  of  the  Barmen  operatives  the  wa^es  include  the  cani- 
iDgs  of  the  wife.    At  Aix  la  Chajjelle  a  son  assisted  the  father.    At 
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Essen  and  Stattgart  the  head  of  the  family  alone  contributed  to  i 
support  The  occupations  in  these  instances  are  not  given;  battb 
all  go  to  prove  that  with  an  income  of  27s.  to  308.  per  week  thee 
penses  are  usually  within  a  trifle  of  the  earnings. 

A  case  is  quoted  by  Dr.  Toung  of  a  family  in  Belgium,  consisti 
of  two  adults  and  four  children,  whose  weekly  expenditure  seems 
be  on  a  miserable  scale,  and  was  as  follows: — 

B.     d. 

Provisions 

Clothing  and  bedding     

Rent  

Fnel,  Ughting,  etc  

Total      

I  obtained  from  four  different  classes  of  men  working  for  mr  o^ 
firm  a  statement  of  their  weekly  expenditure.  From  these  I  ha 
selected  four  cases  of  labourers,  not  miners,  each  with  a  wife  and  k 
children.  These,  it  may  be  remarked,  are  very  much  of  the  sai 
class  as  the  three  cases  of  German  workmen  given  above.  No.  I.  ft 
II.  were  engaged  at  a  colliery  and  III.  and  lY.  at  an  ironstone  pit: 


10 

0 

4 

0 

0 

7 

0 

7 

16 

2 

Wo.  I. 

KalL 

Nam. 

WO.IY 

B.    d. 

t.    d. 

£     B, 

d. 

£  a.    d. 

Flour  and  potatoes    

5    6 

6     li 

0     4 

lU 

0    7    (^ 

Groceries,  milk,  soap,  etc.    ... 

1    8 

2  11 

0    2 

H 

0    3    2 

Meat,  fish,  butter,  etc. 

2    9J 

2    0 

0    5 

6 

0    2  11 

Total  provisions  and  groceries 

9  lOJ 

11    Oi 

0  12  11 

0  13    U 

Clothing         

1    6 

8    0 

0    4 

0 

0    13 

Tobacco  and  beer       

0    6 

— 

— 

— 

School 

0    8 

1     0 

0    0 

8 

0    10 

House  rent  and  coal 

8    9 

4    6 

0    8 

6 

0    3   8 

Lighting         

0    3 

0    3 

0    0 

3 

0    0    S 

Doctor,  relief  fund,  and  union 

levies       ...        

0    9 

— 

0    0 

9 

0    1    0 

Sundries          

0    Si 
18    0 

— 

0    0 

6J 

0  0  at 

19    9^ 

1    2 

_7* 

10   9 

The  prices  on  which  these  estimates  were  based  were : — 
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Qnantitsr. 

Price. 

Artide. 

Lbs.  Oz. 

«.    d.      •.    d. 

Flour      ... 

..     about  25    0 

2     1  to  2    6  per  stone  of  14  lbs. 

Barley,  &c. 

..        ,.10 

—         — 

Potatoes... 

„     14    0 

0  10  to  1     0 

Animal  food 

2    5 

—            — 

Beef 

— 

0    7  to  1     0  per  pound. 

Bacon 

— 

0    5  too    7 

Lard 

— 

0    7to0    9 

Tea 

0    4 

2    6- 

Coffee     

0    6 

~          — 

Sugar 

3     0 

0    3to0     3i      „ 

Coals       ... 

— 

8    6  per  ton. 

Total  weight . 

45  15 

will  thas  be  seen  from  the  two  sets  of  figures  given,  setting  forth 
•St  of  living  in  Germany  and  in  England,  that  the  difference  be- 
the  two  is  insignificant  for  men  engaged  in  similar  occupations, 
jcording  to  a  return  in  my  possession,  the  following  shows  the 
jr  expenditure  of  men  engaged  in  labour  appertaining  to  the 
ction  of  pig  iron,  in  the  North  of  England;  the  family  in  each 
onsisting  of  two  adults  and  four  children : — 

CoalMinen.  Ironsione  Biinere.  Limestone       Blut 

t * V        t * V  QuAirymen.  Fumaoe. 

£  s.  d.     £  B.  d.      £  8.  d.     £  s.  d.     £  s.  d.     £  s.  d.     £  s.  d. 

tdpototoeR  ..0641     075       054       04  1U06   6|060       0401 

» and  milk  ..034       033       046       029       030|026       027 

sh«  butter,  etc     ..066       081       07  10       083       038       056       08   6i 

>tal  proTisiona      . .  0  15   2i  0  18   9  0  17    8       0  15  lU     0  13   3  0  13   0  0  15   2 

I        033  070  060   050   023  050  060 

cl  tobacco   ..        ..016            -  007  -  003  010  — 

00  11  010  003   008   006  010  010 

dfuel  free.           free.  free.        046       04  10  050  006 

;        004  010  00^0081012  010  048 

}        0181          -  006100    710081001  006 

ftintenanoe  ..    1    2  11       17    9       15   6       1    7   61     1    2  111     1    6    1       1    7  10 

Belief  Fund,  and 
D       01  10       010       009       009       e09       010       003 

£149       189       163       18   211381     171       181 


mong  the  difficulties  the  labouring  classes  have  to  contend  with 
occasional  high  price  of  provisions.    A  i-etum  was  made  to  a 
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large  mineral  owner  in  the  Cleveland  districty  from  a  man  onihoi 
he  could  rely,  by  which  it  appeared  that,  in  the  years  1878  and  1871 
on  six  articles  of  ordinary  consumption  there  was  a  difierence  of  9 
per  cent,  in  the  matter  of  cost;  the  same  quantities  being  asBomedii 
each  case.    The  figures  were  as  below: — 

ifTs.  un. 


ATuoie. 

Vuaauiiy. 

Price. 

Oort. 

Price. 

Ooit 

a.    d. 

8.     d. 

e. 

d. 

1.   d 

1. —Flour 

...    2  stones     . 

..2     6 

5    0     . 

..     1 

9 

8    6 

2.— Bacon 

...     4  lbs. 

.08 

2    8. 

..     0 

5 

1    8 

3.— Cheese 

...     1    „ 

..     0  10 

0  10     . 

..     0 

6 

0   6 

4.— Lard 

...     1    » 

..0    8 

0    8     . 

..     0 

6 

0   6 

5.-Tea 

...     h    „ 

..3     4 

1    8     . 

..     2 

0 

1    0 

6.— Sugar 

...     4    „ 
Cost  per  week 

..0    4 

1     4     . 

..     0 

3 

1    0 

12    2 

8    2 

Fortunately  such  differences  as  are  perceptible  in  the  figures  ]' 
given,  are  of  much  less  frequent  occurrence  than  when  heavy  imp 
duties  added  greatly  to  the  cost  of  the  necessaries  of  life. 

The  fall  in  prices  i^ecently  observable  in  bacon,  cheese  and  lap 
no  doubt  due  to  the  large  importations  from  America;  and  in  the  ( 
of  tea  and  sugar  the  decline  in  price  is  caused  by  the  changes  in  di 
The  British  consumer  is  therefore  greatly  indebted  to  the  polic; 
Free  Trade,  introduced  about  thirty-six  years  ago;  its  tendency  h 
to  afford  a  constant  and  plentiful  supply  of  provisions  at  mode 
rates,  and  thus  avoid  the  privations  which  must  obviously  faea 
household  which,  with  an  income  of  20s.  a  week  or  even  less,  finds  r 
suddenly  called  upon  to  expend  an  additional  4s.  on  the  neoefls 
of  life. 

Besides  the  power  of  thus  obtaining  the  raw  material  of  fi)od 
reduced  cost,  great  improvements  in  the  machinery  for  grinding « 
have  enabled  the  miller  to  carry  on  his  business  on  a  much  i 
economical  footing  than  was  possible  long  after  the  beginning  of 
present  century.  Flour  was  formerly  made  almost  exclusively  in  8 
mills,  driven  by  wind  or  by  water,  and  in  such  insignificant  quant 
as  to  render  the  application  of  expensive  machinery  impraddo 
The  present  large  importations  of  com  fi*om  abroad,  together  widi 
easy  concentration  of  home-grown  produce  in  one  locality  by  meai 
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ys,  have  led  to  the  eifiJiti'm  oi  rrKumous  establiahmente;  and  in 

juence,  as  1  am  iaformed  by  Mr.  Applctt^a  of  the  Stockton  i\<\m 

,  labour  is  not  only  greutly  ecoiiomiBed,  but  nn  imjiroved  yield 

[quality  of  flour  are  olitaineci,     The  meehauicid  engineer,  in  point 

ct  haa  done  for  the  loal*  of  bread  ihat  which  he  hus  aehieved  tor 

t>n  and  for  wool;  and  as  a  oonseiinencc  we  enjoy  advantages  in 

clothing  unknown  ti»  oni'  ancestors, 

tic  price  jmid  by  workmen  lor  board  and  lod^inii:  perliaps  affordK 

ly  criterion,  by  which  we  may  judge  of  tlie  relutive  cost  of  livin*,' 

he  Continent  and  in  Greait  Britain.   At  a  large  iron  work  in  Central 

ttce,  the  charge  in  lHiJ7  was  13s.  'i^d  to  1<>8.  per  week,  which 

faded  animiil  foixl  once  a  day,  selling  at  that  tiinc  at  7d.  per  Ih. 
I  was  quite  as  much  as  was  being  paid  in  the  North  of  England  at 
period  in  question. 

,ln  the  matter  of  clothius:  1  obtained  many  quotations;  bat  it  is 
I  to  enumerat4^  thci*e,  owing  to  the  great  differences  in  (|uality,  etc. 
tie  markets  now  o\>eTi.  to  the  British  inauufactnrer  for  his  raw 
ial,  and  his  unsurpassed  matliinery,  forbid  the  ide^i  that  fclie 
workman  can  l>e  better  or  more  cheaply  ch>thed  than  ai-c  our 
i men;  and  this  is  confirmed  by  the  statements  of  ex|xniditure  under 
1  head  contained  in  the  tables  already  given  in  thcKe  piges. 
^It  woald  also  be  difficult  to  institute  any  exact  comparison  in  the 
Bi  of  house  rent,  the  extent  of  accommodation  varying  mt  much  in 
HFerent  locahties.  In  the  counties  of  Northumk'rlnnd  and  Durham 
IT  miners  are  infinitely  better  lodged  tiian  they  were  thirty  years  ago. 
is  the  custiim  to  provide  the  colliery  pipnlation  in  the  North  of 
ad  with  dwellings  rent  free,  and  any  conceaaion  in  the  way  of 
ior  at^ccunmodation  is  so  ranch  money  out  of  tlie  ptM:ket  of  the 
owner.  Nevertheless  it  would  probably  be  far  within  the  mark  to 
liat  our  miners'  bouses  now  cost  fully  double  wlmt  they  did  anterior 
[le  pej'iod  above  mentioned.  So  far  as  my  own  observation  goes,  1 
ild  stiy  that  the  domestic  life  of  our  own  workpeople  is,  to  say  the 
,  of  it  as  replete  with  comfort  as  that  of  men  in  a  similar  position 
^08t  pUces  abroad. 
iie  foregoing  examples  of  the  cost  of  living  are  not  given  under 
Jief  tliat  they  represent  either  on  the  Continent  or  in  the  United 
rdom,  the  average  expenses  of  all  fiunilies.    All  that  is  wished  to  lie 
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inferred  from  them  and  irom  numerous  other  cases  in  mj  posBeflBioB,  H 
is  that  the  cost  of  living  may  now  not  materially  diflPer  in  the  differeni 
(jountries. 

There  is  little  doubt  that  there  are  many  workmen,  who,  reoeivin? 
large  wages  in  the  rolling  mills  and  iron  shipbnilding  yards  in  Gieit 
Britain,  spend  much  more  on  their  households  than  any  of  the  smni 
mentioned  above.  One  thing  is  quite  sure,  viz.  that  the  st^  of 
living  is  of  a  much  more  nourishing  character  in  this  country  than  it 
was  anterior  to  the  repeal  of  the  com  laws. 

The  Right  Hon.  John  Bright,  whose  name  has  been  ahwdy 
mentioned  in  connection  with  the  abrogation  of  the  laws  referred  to, 
in  a  speech  delivered  a  couple  of  yeans  ago,  described  the  effect  of  the 
change  in  the  habits  of  our  labouring  population.  He  said,  "I 
suppose  if,  at  this  moment,  all  the  workmen  and  their  families  in  thf 
three  kingdoms  could  be  put  into  the  scales,  they  would  weigh  some 
thousands  of  tons  more  than  they  would  have  done  thirty  years  ago." 

In  the  previous  Section  reference  was  made  to  the  expectation  of 
an  increased  consumption  of  iron  among  the  nations  of  the  earth,  br 
many  of  which  it  was  exceedingly  small.  Tlie  gentleman,  whose 
opinion  I  have  just  quoted,  observed  in  a  letter,  "As  to  the  con- 
sumption of  manufactures  it  is  now  small  when  compared  with  the 
wants  of  the  populations  of  the  various  countries  of  the  globe.  The 
great  armies  of  Europe  and  the  exactions  of  Grovemment  tend  to  limit 
the  enjoyments  of  the  people  and  thus  colisume  the  proceeds  of  their 
industry.  The  time  will  come,  I  do  not  doubt,  when  nations  will  bt 
wiser." 

There  is  one  item  in  the  tables  of  expenditure  already  set  fbrthf 
which  has  offeen  formed  a  theme  for  observation  and  discnssion,  p•^ 
ticularly  in  recent  years ;  viz.  the  consumption  of  fermented  and 
spirituous  drinks.  In  several  of  the  instances  given  this  is  cotuspicooBt 
by  its  absence  which  probably  arises  from  those  who  furnished  the 
details  being  very  steady  men,  and  hence  selected  as  being  most  capitt 
of  affording  correct  information. 

Dr.  Young  in  his  work  devotes  80  closely  printed  pages  to  thr 
consideration  of  the  condition  of  the  working  classes  of  Great  Britain^ 
He,  like  many  other  writers,  connects  "the  evils  which  afSict  thft 
British  workmen  and  their  families  with  the  excessive  use  of  ipri* 
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The  opiuions  of  tliis*  writer  are  the  more  worthy  of  I'especfc 
e«  as  a  citizen  of  the  United  States,  he  admite  tliat  bis  country- 
f  next  to  the  inhahitanta  of  Great  Britain,  are  the  most  conspicuous 
r  their  larjye  consumption  of  intoxication  beverages* 
fiiifl  national  reproacli  m  supported  hy  quotations  ftx>ni  various 
reports,  b<ith  statistiuil  and  otherw  ist%  not  only  of  the  amountu 
Qed  hut  of  the  effect  produced  on  the  manners  and  morals  of  the 
tuple*  It  ha8  to  be  remarked,  however,  in  reference  to  this  un- 
liable notoriety,  that,  in  the  hope  of  mitigating  the  eviJ,  Grear 
itain  has  perhaps  taken  more  pains  than  any  other  nation  to  reveal 
fte  world  the  consequences,  as  well  as  the  extent,  of  this  sore  in  our 
mi  system.  It  is  therefore  possible  that  the  charge  of  much  greater 
iBinj^erance  laid  at  oitr  door  may,  to  some  extent,  be  the  result  of 
H  ample  confession,  rather  than  of  a  very  much  m<ire  extensive 
^bence  of  the  vice  itself. 

^mt*  Young  is  almost  entirely  silent  in  re8|)ect  to  the  driukiug 
Hms  of  other  nations.  He  alludes  to  the  use  of  the  deleteriou!^ 
&it  known  m  absinthe  in  France;  and,  on  the  authority  of  the  Consul 
1  United  States  in  Belgium,  he  descnl>es  the  working  meu  of  tluit 
as  being  afflicted  with  a  **£erriiile  misfortune,  who  not  only 
;  beer  bat  gin  and  mm,  the  latter  being  so  chei^p  that  tliousandj^ 
L>nrers  go  reeling  home  daily  from  their  toil/' 
[cannot  siiy  that  the  impressions  produced  on  my  mind  by  frequent 
\  to  Belginm  correspond  with  those  of  the  American  Consul;  and 
ertion  in  re8]>ect  to  the  Belgian  work  people  is,  T  think,  iuap- 
ble  to  that  class  in  Great  Britain.  No  doubt  there  are  among  the 
many  who  daily  oonsmne  beer  or  spirits,  or  both,  to  an  extent 
proves  injurious  to  their  health  and  nsefuhiess.  As  a  rule, 
rer,  any  approach  to  such  a  state  of  things  as  that  just  mentioned 
ved  for  the  weekly,  or  the  fortnightly,  pay  days.  Apai't  from 
\  oocaaions,  there  is  in  the  demeanour  of  the  people,  outside  of  the 
Sc  house,  little  proof  of  gi'eat  addiction  to  driiik  at  lenst  among 
liners  and  iron  workera  in  the  North  of  England.  It  would 
r,  however,  that  there  is  too  intimate  a  connection  between  liaixl 
and  high  wages;  for  the  government  returns  show  that  in 
ar  1872,  when  the  earnings  of  workmen  were  high,  the  actual 
'  spent  in  beer,  wine,  aud  spirits  exceeded  that  of  1871  by  no 
I  sum  than  twelve  million  [iounds  sterling. 
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'riiJH  unr^ntumitc"  rrsiilt  ol*  increased  prosperity  is  however  ii€i 
iUml  In  rlic!  IJriiJKli  j)t'fiplc.  Between  lH7-t  and  1H78  I  paidJ 
viniU*  t<i  the  iruij  works  and  mines  in  Europe  imdXorth  Ameri^ 
tlio  common  annvver  to  my  i'e|Miat>ed  inquiries  was  that  the  wofkt 
jjencnilly  Kiienkin^s  liad  not  I'eully  i»rofited  by  the  iDcreaaed  ^jjj 
i\mr  lalMim'  ni  the  j^tHKl  limes  of  1872  and  187S.  In  aill  oi| 
ittiuioi)  a^i^rncMl  was  the  devotion  of  a  considerable  portion  of  i 
ndditionaf  eaniinj^  la  drink.  In  no  quarter  was  this  more  bUo 
inHiMt^Hl  upon  than  in  the  esuiblishments  I  had  an  oppor 
examining  in  th«*  United  Strnes. 

Aco^ndin^  to  an  article  which  appeared  in  the  Timm 
f|Uoied   in   rnnninghamV  ''Conditjons  of  Social  We 
inhahitauU  uf  Uie  Unitcii  Kingdom  draak  in 
Iho  cHiuiralcnt  of  7:it<XX>«00<»  g^Uoos  of  pore  akohol  i 
EOdMamed  in  1871,    Takiiis  At  po|MdntioB  «t  31^11 

^M4  UOiK)  iait  187S,  w  hmm  m  iimwihHihiii  cf  pore  akoU 
llmdof^HU  fealloni  lor  1871  ^^wMt  t-ffi  ffdow  far  1$73.   * 

k  tx^mi)  to  llf  per 
IfMki^r «!»}  10  ifae  manumd  mmm  <if  1 
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Ii8.    I  have  consulted  M.  Slnuriee  Block'g  Sf^tisfiqttfi  de  la  France 

ret  avec  ks  divers  jmtjs^  froin   which    f    nxluced   the  various 

U>  a  common  standard  of  pure  alcohol.    I  have  not  however 

able  to  ascertain  the  qntintity  of  distilled  spirits  conaumed  in 

conn  tries,  and  indeed  there  are  %o  many  diHiculties  in  making 

Jculation,  owinj^  to  the  different  iind  ims|iecificd  8tren*^th«  of  the 

8,  that  any  estimate  could  onlj  be  regarded  as  mere  guess  at 

ath*    Scj  far  as  my  figures  enable  me  to  jud^a*  I  am  not  satiafied 

i  a  nation  we  really  drink  much  niure  than  Home  tif  <jnr  neigh- 

This  however  is  small  eonsolafcion,  for  the  fact  remains  that 

Ig  onr  workpeople  the  habit  of  drink  in  |c  is  far  too  prevalent^  and  wc 

i  tlierefore  hc»f>e,  with  the  spread  of  edncatinn  and  the  offer  of  moR' 

aal  amusement,  that  we  are  on  the  way  to  some  improvement. 

the  meantime  the  facts  below  are  not  encouragin^jj: — 


irr^n»  KdniuU  ouosaroption*  10  j&km  emling  . . 
-ftJpiritA  per  heiwl  of  j»n]nilatuiii*  ^1«. 

ndB. — KquivJii  >i[>irit.H(5  B=  I  A)  „  ' 
Jt  jMif  heml  of  j>oiniliitit>n»  buah. 


1850 

1960, 

1870. 

'942 

llUkr 

•1»46 

224 

*23-J 

•430 

'98« 

l-OTH 

1032 

1392 

1-45H 

V12H 

im. 

1-201 

•517 

1-307 
1-88M 


lany  writers  on  the  subject  seem  to  he  agreed  that  the  multiplica- 

[if  public  houses  offers  a  temptation  iu  drinking  which  we  should 

elJ  to  curtail,  and  many  among  them  go  the  length  of  asserting 

Itheur  entire  suppression  would  be  a  public  benefit. 

ly  own  personal  experience  in  this  direiJtitm  does  not  enable  me 

Sve  an  unqoalifit'd  assent  to  this  opinion,  particularly  as  regards 

[itter  portion  of  it.     Too  much  rigtiur  in  respect  to  such  houses 

iltertainment  is  apt  to  lead,  and  to  my  own  knowledge  does  lead, 

\  frequent  introduction  of  liquor  into  the  houses  of  the  workmen; 

Sect  of  which  on  the  wumen  and  children  I  believe  to  Tk^  fntught 

most  dangerous  consequences.     The  puwer  of  prrihibitiug  the 

lof  intoxicating  drinks  does  not  obtain  in  the  Unite*!  Kingdonj; 

[in  certain  States  in  the  Anierican  Union  it  is  r otherwise,  and  1 

one   large  railway  engineering  estahlishment  where,  at  the 

st  of  the  company  and  tif  the  inhabitants,  the  system  had  lieen 

iuced«    The  consequence  was  tliat  the  men,  after  i-eceiving  their 

resorted  to  a  town  6<.»me  twelve  miles  uff,  and  situate  outside 
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1.         .    :.•-..;.      Sii:    iii}  wtt.-  drinking  rliere  indulged  in  D»i 

.  ,    :.    .:    ..:::   iw.uiy.    iu*uw^  of  cnuertainment,  but  the  men 

.L,  u    ^  ..:    .-.r.w.    i:i-i^  sni»piiep  of  strong  Rpiritfl,  for  futuR 

......    :    vi    :*    -r   m    :i..asr.i:^  u^  tiur  workmen  as  a  class  to 

.-iv    .....     \  :::'.    . .'. .::i:N:4i!^':->  ix'-miit  iu  »>nsideFable  efibrto  iR 

;  :...-.'  a  ii   ::«:  intTvased  earnings  in  goodtimei 
>  *  .         ..-..c.'-. ;.    :-  .:;  .:;:  nciiTi*  given  me  by  the  managere  of  i 
N:     ..^^  :..... i        N  *«.-^K.  ■:--<»i-Tniu  whrre  the  deposiu  rosecon- I 

.:•..    *.::    .:::  fiiiiiit:  :iidi:sirk»5  nf  the  neighbourihwd 
•X    ■   .rv  ;.; .     .:.■     it,?;.:    :     :ui    uf  when  these  became  de 
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aft^ 

1S.M 

:« 

i:.»: 

^"^ 

IS  j» 

lilT 

«c tr^     r*  *--3 

r  BEi^IOK  XVh — THAT  OF  THE  CONTIKEJiT  OF  EITKOPK  41*5 

ban  they  ure.  If  different  results  are  perceptible  in  Ireland,  there 
tast  be  some  delect  in  the  s^jcial  cireumBtances  by  which  they  are 
bre  surroundedi  which  does  not  obtain  in  England.  It  is  a  matter 
I  deep  regret  that  occasioimlly  these  f^ood  qoalifcies  are  marred  by 
Idulgence  in  drink,  which  prevents  such  men  from  ri*iiitig  to  that 
nsitioa  in  the  community  tc3  which  their  indnstrj*  is  capable  of  leading 

I  Having  thus,  I  hope,  conchisivcly  shown  that  the  lalx)uring  man 
I  Great  Britain  is  able  to  command  the  necessaries  of  life  on  tenns 
Hplii  if  not  quite,  as  favourable  as  on  the  Continent  of  Europe,  it 
ptmins  for  ns  to  consider  whether  this  food,  when  applied  Uj  the 
■ing  body,  has  the  same  sustaining  effect  here  as  abroad ;  and 
Betiier  the  resnlts  it  affords  to  the  employer  and  to  the  workmen 
HTer  in  different  countries, 

I  In  such  a  compariscm,  much  more  is  required  in  many  instances 
^an  a  mere  quotation  of  rates  of  payment,  or  even  than  the  actual 
kt  of  a  given  amount  of  work.  Both  may  be,  and  often  are, 
pfcerially  affec;ted  by  the  convenience  of  the  arrangements  provided 
nr  the  use  of  the  labourer;  wliile  the  difference  in  the  materia  Is 
Bder  treatment,  and  a  great  variety  of  other  circumstances,  disturb 

^^^ny  calculatioD  intended  for  the  purpose  of  such  an  examination  m 

that  proposed. 

Under  such  circnmstancesi  the  only  course  to  be  adopted  is  to 

-consider  the  question  in  a  very  general  way,  and  as  far  as  is  prac- 
ticable to  compare  crises  which  resemble  each  other  as  closely  as 
ponible. 

j  The  effect  of  Free  Trade  measures  combined  with  greatly  improved 
mode*  of  transport  has  been,  as  we  have  seen,  to  reduce  the  cost  of 
living  with  ourselves,  whOe  theae  very  circumstances  have  had,  for 
reasons  already  given,  an  opposite  effect  abroad.  Under  such  in- 
flnences  it  would  not  have  been  surprising  if,  while  the  price  of  labour 
necessarily  rose  abroad,  it  should  have  declined  in  the  Unit^  King- 
4lom.  Sach  however  has  not  been  the  fact.  It  is  true  wages  are 
notably  higher  on  the  Continent  of  Europe  than  they  were  in  former 
times;  but  the  increase  is  stiU  more  marked  in  the  case  of  the  workmen 
in  Great  Britain. 

Before  entering  upon  the  question  of  labour  in  branches  of  industry 
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ini«t  germane  to  tlie  preflent  woik,  I  would  offer  a  few  brief  rannb 
on  the  rebtiTe  cuet  of  agricaltnnd  labour  in  the  United  Kingdom  fli 
on  the  Continent  of  Europe,  so  as  to  ertabliBh  a  common  standailtf 
(-v^tmpariflon. 

Fifteen  jears  ago,  upon  the  occadon  of  a  joomey  throngii  ¥nm, 
I  found  agncultural  labourers  paid  2s.  to  2g.  4^  per  diem«  or  Is.  1^ 
if  fed  by  the  fiumer.  The  same  class  now  receives  2s.  3d.  to  Si  CL 
{ler  diem,  or  an  increase  of  about  1 1  per  cent.  In  Alsace  and  LomiKr 
in  1879,  farm  servants  were  getting  2s.  2d.  to  28.  7d.  a  day; 
according  to  Dr.  Young  the  best  paid  men  got  2s.  in  1858.  In  tarn 
yuiTXB  of  Germany,  however,  the  earnings  are  stfll  miserably  low.  Tk 
were  partly  paid  in  money  and  partly  in  pravisions,  bringing  up  the  tub 
to  from  Is.  3d.  to  Is.  6d.  per  day.  The  existence  of  these  poor  peo|fc 
must  tie  a  hard  one,  for  wheat  was  valued  to  them  at  £2  per  qmrtB^ 
wheaten  flour  Is.  lid.  per  stone,  butter  Is.  2^.  per  lb.,  and  potitoa 
:'4d.  per  stone.  Dr.  Yoimg  mentions  13  hours  a  day  as  being  spoi^ 
in  the  fields  on  the  Continent,  this  including  meal  times. 

We  still  hear  in  certain  parts  of  England,  viz.,  those  remote  fros 
manufacturing  centres,  of  very  low  wages  being  paid  for  agricultid 
labonr.     Indeed  in  Cheshire,  at  no  great  distance  from  the  milb  d 
I^ncashire,  128.  was,  a  few  years  ago,  the  rate  received  by  to 
labourers:  but  in  1879  this  had  risen  to  16s.,  equal  to  an  incretaerf 
:>3  per  cent.    In  Cleveland,  agricultural  servants  were  paid  14s.  p* 
week,  anterior  to  the  establishment  of  ironworks  on  the  large  aok 
which  now  distinguishes  that  neighbourhood.    Since  that  time  £1  te 
lieen  paid,  and  now  (1883),  when  trade  is  by  no  means  prospoW 
the  rate  usually  given  is  17s.  or   18s.     The  older  formers  flwt 
^leclare  that  there  is  no  improvement,  indeed  the  reverse,  in  the 
amount  of  work  performed  by  their  labourers  now-a-days,  as  oob- 
pared   with  former  times,  notwithstanding  their   improved  metff 
of  doing  the  work.     Such  would  also  appear  to  be  the  opinion  rf 
Mr.  Clare  Sewell  Read  as  to  the  county  of  Norfolk;  for  he  states  tfait 
on  comparing  his  farm  accounts  with  those  of  his  father,  he  feosl 
that  in  spite  of  improved  machinery  he  was  paying  fully  80  per  cent 
more  wages  per  acre  than  had  been  done  60  years  before.^ 

'  Jonmal  of  Statistical  Society,  June  1880.  ]).  337. 
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Bpeaking  from  general  impressions  as  a  inaniiftictiirer,  I  would  Bay 
that  this  h  opfMjsed  to  my  own  exi:M3neoce.  I  have  seen  the  comracui 
liibourfera  ill  ironworks  paid  14s.^  somelimes  even  as  low  as  l^s.  jx-r 
ireek.    Such  men  are  now  receiving  J  78.  to  IBs.;  and  being  lietter 

t,  I  do  not  doubt,  certainly  in  some  cases,  that  they  rio  more  work, 
ply  because  they  ai^  better  able  to  do  it,  and  probably  with  less 
fatigue  than  under  the  low^er  scale. 

That  a  diet,  which  snfficeR  to  keep  a  man  in  excellent  health  wJtli 
ierate  phy§iciil  exertion,  may  fail  when   his  energies  are   more 
Jy  taxed,  is  consistent,  with  well  undci*8too<!  natural  laws;  and 
extent  to  which  this  happens,  is  constantly  recognised  hy  those 
have  any  experience  in  the  employment  of  Irish  labour*     Vonn^ 
Jthy  men  come  over  from  the  sisicr  countiy  to  England,  and  being 
ia  the  vast  majority  of  cases  naturally  indnstrions,  become,  as  soon  as 

tiir  impi*oved  style  of  living  permits  it,  very  hard  working  men. 
I  am  greatly  inclined  to  agree  with  8ir  Thoma^s  Brasney,  M.P-,* 
o,  speaking  from  his  own  exp>erienee  and  that  of  his  father,  observes 
that  good  wages  do  not  necessarily  involve  a  high  price  of  labour;  for, 
TialesB  the  workmen  be  well  fed,  it  is  hopeless  to  expect  that  his  powers 
i-an  be  fully  developed* 

In  connection  with  that  gradual  and  genunil  improvement  in  the 
earnings  of  the  workmen  throughout  Europe,  it  may  be  urged  that 
the  great  gold  discoveries  already  referred  to  have  tended  to  depreciate 
the  value  of  the  circulating  medium.     In  other  words?,  gold  Ijeing 
more  plentiful  than  formerly,  more  of  it  would  have  to  Ije  given  for  ati 
article  in  which  the  relations  of  supply  and  demand  had  not  altered. 
In  spite  however  of  the  depreciation  of  the  precious  metal^  the  British 
^■orkman  is  able  to  buy  more  with  his  money  to-day  than  he  could  ilu 
^nrty  years  ago,  while  his  labour  now  commands  a  much  higher  price* 
^M    With  regard  to  the  numerous  class  of  men  kuuwn  at  ironworks 
^Bfider  the  general  name  of  mechanics — comprising  blacksmiths,  brick- 
layers and  maaons,  carpenters  and  joiners,  trttera  and  men  working  at 
Jithes,  etc* — it  is  almost  impossible  to  state  in  figures  the  exact  nature 
HIP  the  change  which  haa  taken  place  in  their  wages.     Different  men 
engaged  in  the  same  employment,  and  in  the  same  estalylishment,  may 
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be  paid  at  very  different  rates,  according  to  their  skill  and  abili^. 
Looking  over  the  figures  as  they  stand  in  my  notes,  it  lodn  as  if 
between  1850  and  1870  there  had  been  an  average  rise  of  10  or  U 
per  cent.  Since  the  latter  year,  in  reduced  hours  of  labour  andii 
advance  of  wages,  the  men  received  up  to  1878  an  advance  of  83  per 
cent.,  since  which  time  reductions  have  been  made;  so  that^  as  com- 
pared with  1850,  we  shall  probably  be  near  the  mark  in  assuming  tte 
the  men  engaged  in  erecting  and  keeping  in  repair  the  machineiyaBd 
buildings  of  our  ironworks  are  better  paid  by  80  per  cent,  or  idcir 
than  they  were  thirty  years  ago. 

To  enable  me  to  speak  with  greater  confidence,  respecting  ite 
general  change  which  has  taken  place  in  mechanics'  wages,  tk 
manager  of  one  of  the  largest  locomotive  &ctories  in  the  North  of 
England  has  kindly  extracted  from  the  books  of  the  ooncem  the 
average  wages  actually  paid  since  the  year  1850.  From  these  letons 
the  percentage  of  increase  on  the  rates  of  that  year  have  been  calcohiel 
for  1874,  when  all  wages  rose  to  an  unprecedented  extent;  and  aboftr 
the  beginning  of  1881,  when  there  is  a  large  falling  off  as  compared 
with  1874.  The  wages  of  all  trades  gradually  rose  until  in  1874  tf 
compared  with  1850,  they  reached  the  increase  below  of: — 

1874.  IML 


oompttred 
with  I860. 

oomiwnd 
wfthiaoilL 

Fitters  and  machine-men   . . . 

3 1-99  per  cent. 

..    18-58  per  cent 

Black-wniths           

...         41-08       „ 

23-24      „ 

Strikers  to  black -smiths     . . . 

...        30-71       „ 

..     21-95       „ 

Joiners         

...        50-94       „ 

..     39-62       „ 

Brick-hiynv 

...         50-94       „ 

..     40-12       „ 

Average  increase  of  the  five  cUsses        4173       „  ...     28*70      „ 

On  January  Ist,  1872,  the  whole  of  the  men  in  question  OOB* 
menced  the  nine  hours  system,  t.^.,  instead  of  working  as  hitherto  M 
hours  in  each  week  they  restricted  themselves  to  54  hours;  so  thatis 
additional  10  per  cent,  must  be  added  to  the  figures  just  given,  at 
indicating  the  rise  in  wages  since  1850.  So  far  as  the  cost  of  a  givti 
amount  of  labour  is  concerned,  the  gentleman  to  whom  I  am  indebtoJ 
for  the  above  particulars,  considera  that  at  the  present  time  it  if  is- 
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fully  iiB  much  us  the  calculation,  inclading  the  nine   hums 
a,  would  indicate — say  trotn  30  per  cent,  to  50  per  cent.    In 
opinion,  it  may  be  added,  he  k  supported  by  almost  every  one 
rtiom  I  have  consulted  on  the  subject. 

In  the  absence  of  some  common  standard  to  which  the  price  of  labour 

SI  be  referred,  it  is  *>['  course  very  difficult  to  compare  one  workiBiin 
li  another,  even  of  the  same  nation;  and  this  difficulty  is  c<ju- 
erably  enhanced  when  wc  attempt  the  task  a«  between  Englishmen 
md  foreigners.  Lookin^^  over  the  quotation**  in  my  jMiBsession,  i  have 
■■red  at  a  general  impression  that  22  to  25  per  cent,  higher  ratea 
lare  paid  in  this  country  for  a  given  amount  of  work  than  it  ms\s 

rid;  and  I  found  there  a  common  way  of  expressing  the  difference 
to  gay  that  the  same  labour  which  cost  shillings  in  England 
jould  be  done  for  francs  in  France,  which  means  a  balance  against  im 
}f  27  per  cent.  If  these  suppositions  be  correct,  as  applied  to  the 
iding  of  a  piece  of  mechanism  like  a  locomotive  engine,  the  differ- 
becomes  one  of  a  serious  character.  Such  u  machine,  if  of  large 
ensions,  may  cost  at  present  £2,4 0(J,  uf  which  probably  one-third 
paid  by  the  builder.  The  materials  used  in  its  construetion 
the  best  houaes  are  of  high  quality  in  which  we  enjoy  little  or  no 
irantage  over  foreign  nations  in  respect  to  price,  and  when  we  come  to 
tpply  a  saving  of  say  2h  per  cent,  on  the  wa^es,  in  favuur  of  the  Con- 
tinental manufacturer,  it  means  that  a  locomotive  costing  £2,400  cjiu 
ye  supplied  for  £2,2U0  from  Prance  or  Germany.  It  is  needless  to  say 
hBt  such  a  margin,  other  things  being  equal,  is  quite  enough  to  with- 
Iraw  custom  from  our  makers. 

On  the  Continent  of  Europe,  as  well  as  in  the  United  States,  ac- 

§^ing  to  information  obtained  on  the  spot,  men  of  other  occupations, 
h  as  low-priced  cai'penters,  are  permitted,  if  they  show  any  aptitude 
or  the  work,  to  take  charge  of  certain  tools  in  engineering  establish- 
uetits.  The  object  in  hand  is  centred  in  the  lathe,  or  placed  on  the 
»ed  of  the  machine,  with  a  little  assistance  from  a  skilled  mechanic, 
,ffcer  which  it  is  superintended  by  the  cheaper  labourer. 

Without  however  including  any  advantage  of  the  nature  suggested^ 
de  »otnal  wages  paid  in  recent  yeiirs  on  the  Continent  to  the  different 
of  mechanics   engaged    in    repairs    at    ironworks   are    here 
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Fitters  aud 

Machine-iuen. 

8.      d. 

Black- 
smithii. 
».     d. 

Striken. 
■.     d. 

Joinenaod 

CarxMnten. 

a.     d. 

Briflkkfu 
a.    d 

Germany,  1870  ... 

— 

2    2 

1     6 

2    6 

2    6 

»» 

1878  .., 

— 

— 

— 

— 

3.0(^36 

»» 

1879  ... 

— 

8    8 

2    6 

— 

— 

t» 

ft 

3/0  to  8/6 

3    4 

2    6 

— 

8    2 

>» 

n 

— 

8    6 

2    6 

— 

— 

France, 

1878  ... 

— 

— 

— 

— 

82to|^ 

M 

»»      ••• 

— 

— 

— 

— 

8    61 

ft 

«, 

3    6f 

— 

— 

8  Hi 

8   6} 

t» 

»» 

3  6f  to  46 

8    9 

— 

3    6} 

8  H 

Belgium, 

1878  ... 

— 

3  2  to  3/114 

8    2 

3/2  to  8/U 

i  8    2 

The  average  wage  paid  in  the  repairing  shop  of  a  large  BelgiaD 
iron  works  amounted  to  28.  lid.,  ranging  from  2s.  4^.  to  Ss.  6jd. 

From  these  figures  we  may  infer  the  following  averages  for  187^ 
and  1879:— 


•.     d.                 ».     (L 

Fitters  and  machine-men 

3    7  against  4    6i  pud 

in 

the  North  of  Englind. 

Blacksmiths       

3    5i     „       4    9 

f 

>» 

Strikers  to  blacksmiths  . . . 

2    6       „       3    H 

,. 

„ 

Joiners 

3    9       „       4    7i 

»» 

w 

Bricklayers        

3    4J     ,.       4    7 

>« 

•• 

Since  in  Germany  and  France  10  hours,  and  in  Belgium  10^  homr 
form  the  working  day,  instead  of  9  as  with  us,  we  may  assuine  die 
avers^e  pay  of  mechanics  of  the  four  classes  enumerated  above  to  be 
about  80  per  cent,  cheaper  than  it  is  in  the  United  Kingdom.  The 
relative  efficiency  of  labour  in  an  engine  building  shop  with  us  and 
abroad  would,  as  has  been  already  stated,  be  difficult  to  estimate;  Ixil 
I  learnt  that  for  3s.  2d.  to  3s.  6|d.  a  French  bricklayer  would  place 
1,200  to  1,600  bricks  for  a  day's  work,  and  in  Germany  1,000  to 
1,500  bricks  were  laid  in  a  day  at  a  cost  of  Ss.  to  3s.  6d.  for  the 
bricklayers.  In  both  cases  there  was  little  or  no  difference  in  wt 
of  the  foreign  bricks  as  compared  with  those -used  in  Engbud. 
This  I  beUeve  is  as  much  as  is  done  by  the  best  of  our  men,  irt» 
often  receive  5s.  6d.  for  their  day's  work;  and  if  these  figures  can  be 
assumed  as  indicating  the  relations  between  British  and  foreign 
labour,  the  convenient  way  of  expressing  the  difference  in  shillings 
instead  of  francs  is  considerably  below  the  mark. 

On  discussing  the  comparative  cost  of  labour  between  the  Rbenidi 
provinces  and  England,  a  most  intelligent  director  of  a  foreign  work 
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rmed  me  in  1878  that,  In  his  opinjoii^  Great  Britain  (Missessed 
advantage  in  the  wst  of  such  articles  as  required  a  Hiimll  amoiHxt 
blKjQi*  to  be  expended  on  their  production;  but  the  innmt^nt  wa^s, 
icakrly  for  skilled  labour,  constituted  a  more  important  element 
tbe  cost,  Great  Britain  was  unable  to  eomjiete  with  OiTmarry. 
>rdin^  to  this  gentleman,  pig  inm  fell  within  the  8co|«  uf  the 
of  these  eonditiong,  and  steiim  en^^ines  inthin  that  of  the  Hecoutl. 
the  earlier  dajs  of  the  Bessemer  process,  his  firm  had  obtuined  n 
ng  eufriue  ftxjm  England  ;  which  performed  itw  work  so  admiralily 
,  when  requiring  a  .second,  Lhey  weiv  unwilling  to  incur  the  risk 
Ivcd  in  employing  a  German  builder,  who  waa  without  ex]:terience 
madiinery  of  this  description.  But  in  spite  of  the  English 
pineer  having  cheaper  iron  at  his  command,  the  price  of  his  Oernmu 
■llpetiCor  was  fully  80  per  cent,  lower;  and,  in  wusequenee,  the 
cond  engine  was  made  at  home,  and  it  has  done  its  duty  to  his  entire 
iUfaction. 

The  extra  oost  of  labour,  however,  tells  much  more  aevcrely  against 
reiit  Britain,  when  Lhe  calcnlatioo  is  applied  to  articles  in  which 
orkmanship,  instead  of  forming  30  per  cent,  of  the  price  uf  the 
ftchine,  amounb?  to  double  this.  Such  is  the  case  with  regntMi  to 
pimng  machinery,  like  self-acting  mnles,  etc.  I  have  it  from  a 
KOBt  tnistwoilhy  source,  my  inibrmant  being  hituself  a  large  manu- 
fiturer  of  this  class  of  tools,  that  upon  a  ma<:*hine  which  is  sold  for 
JiSO  the  nine  hours'  movement  has  increased  the  cost  *ff  hil»c:mr  by 
early  £14.  If  this  sum  be  added  to  the  additional  wagers  stated  by 
^petent  authorities  as  Ix'ing  already  jvaid  to  *>iir  inechauias,  it  will 
I  seen  that  nothing  but  extraordioiiry  skill,  which  however  may  he 
liily  imitated  by  the  foreigner,  can  secure  for  our  manufactni'ers  a 
arket  for  tlieir  goods  U'yond  the  seas. 
There  is  another  branch  of  industry  that  deserves  consideration 
this  comparison  of  foreign  with  British  lalx)ur,  via.,  iron  ship* 
lilding.  It  will  hereafter  be  shown  that,  although  we  may  in  most 
aes  be  able  to  jiroduce  pig  iron  more  ehe^iply  than  tuir  Continental 
dghbonra,  yet  when  this  pig  iron  is  passed  on  to  the  maikable  iron 
[>rk9,  cheaper  laVxmr  may  enable  the  foreign  manufacturer  to  produce 
lip  plates  at  as  low  a  price  as  can  be  done  in  any  place  in  the  United 
lagdum. 


502  8BCTI0N  XVI. — ^BRITISH  LABOUR  CX)MPARKD  WITH 

Now  the  tonnage  constructed  last  year  in  the  Rngliah  and  Scotch 
sliip-building  yards  was  such  that  the  wages  paid  would  probab^  noi 
be  far  short  of  £l,500,oQ0.  The  rates  paid  range  so  that  the  dud 
men  engaged  on  the  iron  work  in  one  establishment  averaged  from 
88.  9d.  to  128.  lO^d.  per  day,  over  818  days  in  1880. 

According  to  returns  in  my  possession,  from  two  or  three  En^idi 
yards  and  one  on  the  Continent,  the  average  eamings  of  the  oitire 
establishments,  including  boys,  appear  to  be  such  that  the  Engiieh 
hands  receive  almost  exactly  double  the  money  paid  to  the  tomp 
workman.  In  addition  to  this  the  hours  of  labour  abroad  are  60  to 
62  per  week,  against  54  in  England. 

Having  received  information  which  thus  seemed  to  place  the 
English  ship-builder  at  such  a  great  disadvantage  with  his  Oontinentil 
competitor,  I  have  extended  my  enquiries  relating  to  so  important « 
section  of  our  manufactures,  one  moreover  which  has  a  very  do» 
connection  with  the  iron  trade  of  our  country.  Prom  the  owner  of 
a  Oontinental  ship  yard  I  obtained  the  following  information  respectioj^ 
the  rates  of  wages  paid  at  his  establishment : — 

a.    d.        t.    d. 

Joiners          3    2 

Carpenters 3  IIJ 

Blacksmiths 3    2toSlU 

Platers          3    2 

BiTeters        3    2 

Fitters           3    2to3  1H 

The  average  amount  paid  to  all  employed  in  the  yard  (woridnf 
ten  hours  per  day)  is  2s.  llfd. 

So  i^  as  information  obtained  in  England  enables  me  to  judge* 
the  following  table  shows  the  relations  of  the  wages  paid  in  ship- 
building yards  here  and  abroad:- 

Pattern  makers  

Iron  founders 

Tamers  

Planers  

Drillers  and  borers    

Slotters  

Platers  

Riveters  

Uolders-ap     

Averaire  ^    6J      80    6        16    1         24    2 


England. 

Q«Riiaiiy. 

8.      d.             s. 

cL 

B.       d.         «. 

i. 

29  10    to  32 

0 

19     81  to  23 

4 

30    9    to  32 

U 

13     3    to  20 

1 

29    21  to  30 

9 

14    2    to  87 

4 

25    9    to27 

8 

19  11    to  22 

4 

23    0    to  26 

1 

15  11    to  22 

i 

27    8    to28 

sk 

20    0    to  28 

0 

33    8    to  .37 

0,^ 

17  lU    to  38 

H 

32    2    to  33 

5>i 

li  11    tu24 

I 

24    9    to  27 

0 

14     2    to  16 

4 
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The  average  of  the  English  waj^e,  according  to  these  figurus  Ib 

R.  (>d.,  compared  with  20b.  1^.  for  Germany;  which  makes  a  difference 

iinsfc  the  former  of  nearly  one-half.      Besides  thia  the  (xermana 

ork  longer  hours,  which  increases  the  difference  by  a  further  15 

er  cent. 

This  at  best  is  a  rou^h  way  of  stating  the  amount,  l)eeaiifii'  it 

imes  that  there  is  the  same  ntimber  of  men  in  each  branch,  which  is 

lintrary  to  fact.     A  stiU  greater  cause  of  disturbance  arises  from  the  fact 

the  above  comparisons  are  all  based  on  day's  work ;  but  in  English 

about  two-thirds  of  the  men  are  engaged  by  the  piece-     If  a 

of  S,000  tons  were  built  on  the  time  system,  and  Geiman  labour 

as  much  cheaper  as  the  above  figures  would  indicate,  it  would 

a  greater  cost  of  more  than  £2,000  as  against  the  English 


Inasmuch  however  as  the  greater  portion  of  the  work  on  an  iron 

el  is  performed  by  contract,  no  exuct  comparieon  can  be  drawn 

the  figures  given  akjve.     Il  would  ap|>ear  as  nearly  as  may  lie 

at  one-third  of  the  men  working  at  an  iron  ship  are  paid  by  the  day, 

two-thiixls  by  the  piece.     According  to  a  return  with  which  I  hiive 

en  favoured,  the  former  avemge  clune  on  4s.,  and  the  latter  nearly  7s. 

br  day.     In  each  case  boys  are  included  in  the  estimate,  the  average 

the  entire  yard,  men  and  boys,  being  nearly  (Js.  per  day.     This,  it 

be  perceived,  is  almost  exactly  double  the  rate  of  the  foreign  yard 

gt  mentioned,  so  that,  unless  the  EngliKh  artisan  turns  out  doul>lc 

work  of  his  foreign  competitor,  the  English  ship^bnilder  is  placed  at 

|disad  vantage. 

The  large  amount  of  wages  paid  for  ship-building  renders  the 
Kiness  one  of  national  importiince ;  and  any  interruption  to  its  pro- 
B^  still  more  any  diminution  due  to  foreign  competition,  possesses 
national  intei^st.     In  the  foregoing  panigraph  I  have  contented 
peelf  with  pointing  out,  to  those  more  immediately  concerned,  the 
icnlty  which  British  ship-buflders  may  have  to  enooimter  in  corn- 
ting  with  foreign  houses,  so  tar  as  the  mere  construction  of  a  vessel 
Ic^jncerned. 

Tlic  general  subject  of  expensive  labour  iucuri*ed  in  the  construction 
Hron  vessels,  will  be  apparent  at  a  later  period  of  the  present  section, 
le  wages  paid  in  the  plate-mills  are  being  considered. 
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It  is  often  alleged  that  the  law  of  saipflj  and  demand  will  timjt 
regulate  the  price  of  a  commodity.  In  regard  to  labonr,  this  in  the 
long  ran  may  be  true,  but  the  adjustment  is  often  deferred  by  tk 
action  of  those  concerned.  In  isolated  cases,  however,  we  have  examplei 
of  the  price  of  labour  never  accommodating  itself  to  the  ability  of  tbe 
manufacturer  to  afford  to  pay  it.  As  an  example  of  a  large  amoontof 
a  particular  class  of  labour  being  thrown  on  the  market,  and  the  ]»nodnct 
of  this  labour  selling  at  unremunerative  prices  without  wages 
experiencing  any  reduction,  I  would  quote  the  chemical  trade  on  the 
Tyne.  It  is  notorious  that  for  some  years  past  this  important  bnmdi 
of  manufacture  has  been  carried  on  at  a  loss;  and  although  die  state 
of  things  has  been  recently  intensified  by  the  quantity  of  soda  mide 
by  the  anunonia  process,  the  owners  of  the  chemical  works  there  were, 
I  believe,  losing  money  before  they  were  being  undersold  by  establish- 
ments using  this  recent  invention.  Of  the  reality  of  the  hasa 
there  is  no  doubt,  for  thirteen  establishments  in  the  district  ban 
been  closed  and  sold  as  old  material.  The  discontinuance  of  these 
works  meant  a  reduction  of  24  per  cent,  of  the  make  of  the  neigh- 
bourhood. 

Between  the  yeai-s  1857  and  1880,  or  say  in  a  space  of  25  years,  the 
products  of  the  works  in  question,  viz.  soda  ash,  refined  alkali,  crystab 
of  soda,  bi-carbonate  of  soda  and  bleaching  powder,  had  fallen  in  vahK 
from  35  to  60  per  cent.,  an  average  decline  therefore  of  abont  40  per 
cent.  The  price  of  the  raw  materials  kept  pace  to  some  extent  with  thii 
depreciation  in  value,  but  it  was  otherwise  with  labour,  for  I  fonnd 
that  in  a  work  paying  £564  per  week  in  1857  their  pay  biU  was  £860 
in  1881.  Making  allowance  for  the  increased  number  of  men,  it  wtf 
ascertained  that  for  20s.  earned  per  head  in  the  former  year,  278. 6(1 
was  paid  in  the  latter.  This  rise  in  wages  is  equal  therefore  to  87| 
per  cent,  during  the  25  years. 

Attempts  were  made  from  time  to  time  by  some  firms  to  reduce  tiie 
wages,  in  order  to  avoid  the  serious  losses  which  had  been  enooonterd 
in  carrying  on  the  works.  None  of  these  recent  attempts  m^  with  any 
success,  doubtless  for  the  simple  reason  that  the  general  state  of  wages 
in  the  district  had  advanced,  and  the  men  who  had  been  employed  in 
the  soda  works  sought  for,  and  obtained  other  employment  for  wfakh 
their  previous  life  had,  to  some  extent,  prepared  them. 
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ThuB  it  may  quite  well  happen  that  nn  impjttiint  branch  of 
industry  may,  from  a  cliaoge  of  circumstaoi-es,  fall  into  a  state  of  great 
difficulty,  Dotwiihstandiiig  that  a  cotisiderable  demand  may  Btill  twist 
for  its  products.  In  the  Ciiae  under  consideration,  that  of  soda,  this 
alkali  can  undoubtedly  be  manufactured  more  eeonumically  by  8olvay*8 
ammooia  process  than  by  the  Leblanc  process.  Bj  the  latter,  how- 
ever, no  ble^iching  powder,  a  bye-prodncD  of  the  Leblanc  system,  is 
made.  To  obtain  thi«  article,  a  considerable  tiuantity  of  soda  continues, 
md  must  continue,  to  be  prodnood  on  the  old  plan,  bnt  the  soda 
itself  is  now  (18H:i)  8ellinj(  at  so  low  a  price  lis  to  entail  the  cou- 
fieqnenoes  just  referred  to. 


COAL. 

Passing  from  what  may  be  regarded  as  the  mor<i  general  aspects  of 
the  labour  question  in  Eurojje,  J  propose  now  considering  the  gnidual 
-changes  which  have  taken  place  in  the  mining  and  other  labour  con- 
nected with  the  manufacture  of  irt>n.  Fur  the  purposes  of  this  en<|niry 
the  raw  nmterials  claim  the  first  place,  and  of  these  we  will  commence 
rith  coal* 

To  make  a  proper  compirison  between  different  localities,  as  to  the 
and  efficiency  of  labour  employed  in  winning  coal,  it  is  of  course 
itial  that  the  conditions  should  be  the  same.  In  point  of  fact, 
However,  this  rarely  happens:  differences  in  Lhicknass  and  hardjiess  oi' 
t»lie  seam,  and  the  gi-eater  or  less  freedom  from  faults  in  the  strata,  or 
:>able8  as  they  are  commonly  called  in  Northuml:>erlandand  Durham, 
are  the  chief  causes  which  derange  cidculations  bearing  on  this 
|ti€8tion. 

The  actual  quantity  of  coal  cut  for  a  day's  work  is  therefore  of  itself 
tiot  necessarily  a  trustworthy  guide  in  the  enquiry ;  and  in  addition, 
while  on  the  Continent  the  hewers  may  be  engaged  ten  hours  in  the 
pits,  five  or  six  hours  only  is  spent  at  the  tace  of  the  ooal  in  the  Durham 
oUieries,  the  men  remaining  seven  hours  only  in  the  pit. 

Besides  the  natural  causes  just  referred  to,  the  coal  hewers  some- 
times interpose  one  of  an  aitificial  character,  viz.,  that  of  limiting  the 
-oatpnt.    In  the  years  1870  and  1871  the  men  in  one  case  cut  on  an 
average  nearly  4^  tons  of  coal  for  a  day's  work,  the  pit  working  above 
-300  days  in  the  year;  for  which  they  received  alxmt  4b,  tid.  alTber 


506  SBCTION  XVI. — BRITISH  LABOUR  OOMPARKD  WTTK 

paying  for  lights  and  powder,  besides  having  honse  rent  and  firing^ 
without  any  charge.  In  1872  trade  b^an  to  improre,  and  the  jield 
fell  to  a  trifle  above  8|  tons,  for  which  5s.  7^d.  was  paid ;  and  in  1871^ 
and  1874  the  average  per  hewer  was  only  3^  tons,  by  which  he  earned 
nearly  7s. 

Since  that  time  as  much  as  92  cwts.  per  shift  have  been  av^aged  vt 
the  same  colliery,  so  that  taking  4^  tons  as  the  possible  ontput  per  man, 
each  hewer  sacrificed  Is.  per  day  during  the  last  two  years  of  restricted 
work,  equal  to  about  15  per  cent,  on  his  earnings. 

This  production,  thus  reduced  by  the  men,  diminished  the  outpat 
in  1878  as  compared  with  1872  by  755,000  tons;  while  merely  for  the 
iron  trade  dependent  on  the  Northumberland  and  Durham  coals  abo^e 
250,000  tons  more  were  needed  than  in  the  previous  year.  There  ynt 
therefore  from  this  cause  alone  a  deficiency  of  above  one  million  tone. 
This  circumstance,  along  with  increased  activity  in  all  branches  of 
business,  led  to  new  pits  being  sunk,  and  high  wages  attracted  fnA 
men  to  the  district.  In  1875  and  1876  the  produce  of  the  two 
counties  reached  82  million  tons.  Prices  then  began  to  fall,  and  with 
them  wages  declined  fully  two  shillings  a  day  to  the  hewers;  and  even 
this  reduced  rate  was  only  earned  by  reverting  to  their  old  stale  rf 
output. 

The  eflPect  produced  in  the  coal  and  iron  districts  of  Durham  and 
North  Yorkshire  will  not  soon  be  forgotten,  although  arising  from  i 
deficiency  which  probably  did  not  amount  to  10  per  cent,  on  the  toul 
produce.  The  iron  markets,  however,  were  in  so  excited  a  state  that 
anthracite  coal  was  brought  in  some  instances  by  rail  from  Wales,  ta 
keep  the  furnaces  moving,  and  coke  reached  the  unprecedented  price- 
of  40s.  per  ton  at  the  pits.  Under  no  conceivable  circumstances  wai 
it  to  be  expected  that  wages  should  or  ought  to  remain  uninfluenced  by 
such  a  state  of  things;  but  the  unfortunate  part  of  the  transaction  » 
that  the  men,  instead  of  selling  as  much  of  their  work  as  possible  whca 
it  commanded  so  high  a  price,  sought  to  influence  the  labour  market 
by  the  means  referred  to.  Something  considerably  short  of  their  old 
rate  of  working  would  yet  have  enabled  the  coal  owners  to  make  good 
the  quantity  in  deficit.  In  the  then  state  of  the  trade  the  whole 
could  have  been  disposed  of  at  iair  prices.  The  competition  ariawf 
from  a  needless  number  of  new  pits  and  from  a  plethora  of  men  h^ 
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fwed  lij  the  usual  (Kvnseciuencea  of  an  attempt  to  interfere 
principles  of  political  economy.  Thena  was  worked  iu  the 
-East  of  En^rland  under  SO  million  tons  of  ooal  in  187:^,  u  time 
we  required  82  millions,  and  could  have  got  tliis  quantity  with  our 
.ppUances  in  this  corner  of  the  island  alone.  We  can  now  (18H2) 
not  only  S:i  millions,  but  probal)ly  M  millions;  unfoi*tuoately 
er  we  do  not  need  all  we  are  able  to  work. 
would  not  have  it  supposed  that  the  workmen  are  alone  respcju- 
br  the  present  evils  of  over-production.  Viewed  by  subsequent 
a  good  deal  of  imprudence  can  be  laid  at  the  door  of  the 
ry  owners.  Misled  by  the  extravagant  price  of  coal,  imprudent 
atjons  were  entered  into,  many  of  which  ended  disastrously  for 
dventurera.  It  may  however  be  claimed  for  the  masters,  that  they 
oured  to  obtain  as  large  a  produce  from  their  mines  as  i>ossiblc; 
lich,  in  some  instances,  they  wore  certainly  not  seconded  by  their 
Cases  are  known  in  whiiih  fresh  pits  have  been  sunk  by  mine 
to  make  ^ood  the  deficiency  accruing  from  short  workin*^  in 
Iready  existing. 

le  following  statement  shows  the  average  weight  of  coal  worked 
:5h  hewer  daring  14  yean?  in  a  South  Durham  colliery.  The 
ily  earnings  given  are  after  paying  for  oil  and  powder.  Besides 
le  miner  has  free  bouse  and  firing: — 
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he  coal  raised  per  man  employed  in  the  pits,  all  told,  in  1872  was 
cent,  of  that  got  in  1874,  and  only  80  per  cent,  of  that  of  1870. 
seam  was  worked  during  the  14  years,  and  the  pits  were 
engaged  for  300  to  31 1  days  In  the  several  years. 


1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

U8L 

1881 

335 

330 

389 

341 

351 

356 

350 

401 

398 

39B 
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Taking  every  one  engaged  above  and  below  ground  in  the  Inspec- 
tion District  of  the  South  Durham  coal  mines,  the  following  shorn 
the  produce  in  tons  per  man  employed  for  the  ten  years  ending  1882:— 

Tons 

It  would  thus  appear,  comparing  1878  with  1880,  that  the  ontpot 
at  the  whole  of  the  mines,  according  to  the  Government  return,  shows 
a  deficiency  in  the  former  year  of  20  per  cent. 

By  the  kindness  of  a  fiiend  largely  engaged  in  the  Durham  ooal 
trade,  I  have  ascertained  the  following  to  be  the  changes  which  have 
taken  place  in  the  price  of  labour  in  that  trade  between  1850  and  1881. 

In  the  former  year  the  hewers  in  a  particular  seam  were  eight  honn 
"at  the  face"  in  the  whole  coal,  and  six  hours  in  the  broken.  During 
this  time  they  received  3s,  lO^d.,  with  free  house  and  fiire.  In  1881 
in  the  same  seam  only  five-and-a-half  hours  were  spent  "at  the  fiice"ii 
the  whole  coal,  and  four-and-three-quarter  hours  in  the  broken  coal; 
and  in  this  shorter  period  the  money  earned  was  4s.  S^d.,  with  house- 
rent  and  firing  as  before.  The  men  therefore  worked  fully  a  fourth  le» 
time,  and  nevertheless  were  able  to  earn  about  15  per  cent,  more  monej. 

According  to  an  article  which  appeared  in  the  Newcasth  Gkronkh 
in  1881,  the  boys  in  the  Kainton  and  Pittington  Collieries  received 
in  1847  lOd.  i)er  day,  and  the  best  paid  men  20s.  per  week.  At 
Shotton  and  Haswell  Pits  the  average  earnings  over  several  montb 
only  amounted  to  Ss.  8d.  per  day,  and  at  Hartley  Colliery  88.  4d. 

An  old  friend  of  my  own,  one  of  the  most  experienced  mining 
euj^ineers  in  the  North  of  England,  reminds  me  that  50  years  ago  it 
was  no  uncommon  thing  for  a  hewer  to  remain  13  or  14  hours  in  the 
pit.  For  this,  it  may  1x3  presumed,  he  would  receive  a  rate  of  psj 
not  exceeding  that  mentioned  in  the  Newcastle  Chronicle.  Accwding 
to  the  recollection  of  my  informant,  a  hewer  worked  no  more  oosl 
than  his  successor  does  now,  but  his  exertions  were  spread  over » 
much  longer  time.  Probably  the  pay  at  that  time  did  not  enable 
a  man  to  be  so  fed  as  to  be  capable  of  the  more  violent  exeitaoB 
now  put  forth  by  the  better  paid  miner  of  the  present  day. 

No  heed  is  taken  of  any  increase  in  the  number  of  oollierieBin  a^f 
of  the  cases  above  referred  to.    Any  increase  in  the  powers  of  prodW' 
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Scm«  utimulated  by  the  hi*^h  prices,  would  probably  not  l>e  gen^raUtj 
miployed  before  1875  although  there  was  an  increase  in  187S  and 
IB74.  Aooording  to  the  returns  of  the  Mininj,^  Record  Offico,  the 
namber  of  collieries  working  ooal  in  the  Northern  counties  in  1871 
wm  S04,    This  wa«  increased  in  the  four  following  years  ag  foUowet^ 


Komlicr  of  coUieries 


1972 

357 


187a 


1874, 
387 


427 


m 

^^t  has  to  be  obeerved  in  reference  tc)  the  restricted  output  of  tht- 
Bnf^Hsh  miners^  that  it  not  infrec|ueutly  happens,  owing  to  want  of 
Jemand  for  coal,  particularly  at  collieries  dependent  on  the  shippin^f 
^nuie,  that  restriction  emanates  from  the  coal  owners  and  not  frum  the 
joal  hewers.     In  the  years  1872  and  1873,  however,  such  an  event 

Rbe  of  rare  occorrenc^»  Applying  actual  figures  to  the  case 
t  us,  it  would  appear,  according  to  an  account  published  by  fclie 
Dnrham  coal  trade,  that  the  percentage  of  shifts  lost  by  the  men  lying 
idle  was  ae  follows: — 

^k'here  is  no  country  in  the  world  except  Great  Britiiin  which, 
IPItng  i-egurd  to  its  area  and  population,  produces  so  mnch  coal  as 
Bdgitim;  and  of  the  total  quantity  raised  in  this  kingdom,  say  14^ 
*o  15|  millions  of  tons  per  annum ,  10^  to  11^  millions  are  from 
•he  mines  of  the  province  of  Hainaut.  In  re8|>ect  to  this  |x»rtion  of 
iibe  output,  I  have  extracted  the  following  figures  fi'om  the  reports 
Hpf,  EmOe  Laguesse,  Chief  Engineer  and  Mines  Director  to  the 
ISeernor  of  the  province.  These  extend  over  the  last  ten  years 
iing  1879.  The  table  gives  the  yearly  output  per  workman 
the  average  weekly  earnings  of  the  entire  staflf,  and  the 
ag  prices  of  ooal  during  the  different  years: — 
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Duriug  ihe  yeurs  1H72  and  1873,  the  output  per  man  eo^a^^al 
ii»  the  Belgian  collieries  wtis  more  thau  maiDtained,  as  oompin?] 
with  1870  aed  1871,  the  incmised  prctduce  amonntiiig  to  2  per 
UL*nt,  on  the  former  years,  The  avemge  Kimings  of  all  bands  enga^ 
in  the  co4il  mines  of  Beltrium  were  2s,  •%!.  per  day  tor  1870  and  1871, 
ami  as.  l^d.  for  1872  and  1873,  or  an  increase  of  36  per  («nt. 

Indeed  it  m  a  remarkable  thing  that  on  the  Continent,  so  far  I  can 
judLje,  the  very  opiKJsite  line  of  conduct  to  that  of  restriction  appeanto 
be  adopted.  There  the  workmen  follow  the  example  of  the  coal  ownm 
by  endeavouring,  to  use  a  homely  phrase,  to  make  hay  when  the  urn 
shines.  At  the  collieries  of  Aniche  in  France,  according  to  a  pabliflhri 
statement^  instead  of  allowing  the  output  to  tf^Hne  17  to  20  per  cent. 
ID  the  years  of  high  prioeB,  1872  and  1873,  there  was  an  actual  in- _ 
crease  of  10  per  cent,  in  the  rate  of  production  of  the  men  engagf^^H 
the  mine.  The  increase  in  the  men's  money  e«iroings  appean  to  lli^ 
been  about  15  per  cent* 

AH  the  authorities  I  have  consulted  agree  in  the  opinion  ju^ 
mentioned,  that  there  has  been  a  marked  addition  to  the  eanting» 
of  colliers  on  the  Continent.  Quoting  from  a  pnblication  alredy 
referred  to,  the  following  table  contains  the  average  inoome  and  ctial 
worked  per  man  in  the  collieries  in  the  Department  dn  Nord  rl 
du  Pas  de  CalaiB. — 


Ytmr 

WngtA  per  week  . 
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Qosuti^  urorlced 
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Id  no  caee  is  the  nomber  of  days  actnaUy  wcnted  given.  A^^ 
snmiiig  thn  U>  be  the  same  in  aU  the  jears^  the  figurea  proenl  i 
ranarkible  improvement  in  efficiency,  wbidi  ia  pfobaUj  due  lo  the 
better  fare  plaoed  within  reach  of  the  warkmen  bj  an  impn^ved  nt)^ 
of  pay.  Besides  thk  Ikot,  it  will  be  obeerred  that  in  limea  of  hi^ 
wages  the  workmen's  exertions  were  increased. 

The  laf^ffst  quantity  of  ooal  raised  in  these  French  coHieris^  ftt 
individual  employed  per  annnm,  wai  179  Una  in  187i ;  which,  h<yvcffcr. 
unly  slightly  exceeds  the  half  of  the  avernge  workied  per  man  ta  the 
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uuth  Durham  coal-field  during  seven  years.  This  latter  lAoiuiinted  lm 
TiO  tons,  according  to  an  official  return;  and  this,  it  inaj  be  observed, 
r.ifl  often  largely  exceeded  at  some  individual  collieries,  where  the 
fork  was  of  a  cfjnstant  character  and  independent  of  the  shipping; 
imde.  The  authorities  I  have  consulted  mention  the  fact  that  at  these 
Mlieries,  l)etwe€n  1844  and  187G,  the  produce  per  individual  ha*l 
kjo  increased  70  per  cent.;  while  the  wages  during  the  same  |>eriod 
|been  raised  140  per  cent. 
U  the  collieries  of  Aniche,  according  to  M.  Yeuillemin,  previotisfy 
i,  the  daily  average  wage  of  2,172  people  in  the  year  IH(!1»  was 
,  2d.  per  day,  which  had  increased  in  1877  to  2b.  d^d, — equal  to  a 
lof  28  per  cent* 
From  an  official  return  from  these  Anielie  mines,  it  would  appar 

•the  earnings  of  the  coal  hewers  at  that  concern  in  1827  were  only 
ijd,  per  day.  In  1869  their  wages  were  Ss.  Ifd.^qual  to  a 
of  113  per  cent.  In  the  "wild"  years  of  1873  and  1874  this 
»i  of  men  in  the  same  locality  received  38.  9^d.,  which  fell  in 
f  to  3s.  2|d.  These  rates  were  earned  on  275  days  of  the  year, 
the  rise  appears  to  have  been  as  follows: — 

^H  1827  to  lSi5,  t\e*  IB  years,  i^t  tlie  rate  of  about  2  per  cent,  p^r  annum. 
"   1845  ,,  1865    »,   20  „  ,♦  3        „ 

1866  „  1876    „   10  ,.  ,.  6i      „ 

U  the  collieries  of  Montrambert  and  de  la  Beraudi^re,  in  Ceotnd 
B,  as  stated  in  a  document  prep^ired  for  the  Paris  Exhibition  of 
^f  2,848  persons  in  I860  earned  on  an  average  28.  4|d,  In  1877 
*  pay  had  risen  to  Ss,  4d. — equal  to  a  rise  of  41  per  cent. 
diagram  is  annexed,  Plate  IX.»  on  which  is  shown  the  gradual 
in  the  powers  of  production  of  the  French  collieries  of 
tontrambert.  and  de  la  Bi'raudi^re,  in  the  value  of  the  coal,  together 
Ki||  the  continuous  rise  in  the  men's  wages,  since  1860. 
^ftgefit  it  may  be  thought  that  the  lower  wage  in  France  is  due  t(j 
^Knployment  of  young  children  being  more  fre^iuent  than  in  Great 
PRaiD,  I  give  from  the  same  source  the  ages  of  those  at  work  in  the 
jdi^re  mines  :^ 
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BSLOWOBOUND. 

Abotki&oitvo. 

TOXAL. 

Aa«-BteN  AUD 
Boys. 

Arerace 

No. 

Per 
Cent. 

Avenge 
percSy. 

No. 

cSS. 

A^rmce 

Na 

Per 
OMt 

12  to  16  yean... 

1.    d. 

1  loi 

22 

MO 

■.    d. 
1     51 

12 

2-58 

m.   d. 
1     9 

34 

1-4S 

16  „  20    „     ... 

2    7 

206 

10*94 

2    H 

40 

8-60 

2    6 

246 

1(N8 

20  „  25    „     ... 

3  ^ 

312 

16-57 

2     71 

32 

6-86 

3    ^ 

844 

14« 

25  „  42     „      ... 

3  lOJ 

1,194 

63-44 

2    91 

166 

35-62 

8    H 

1,360 

57« 

42  „  66    „      ... 

4    0 

124 

6-58 

2    7i 

52 

11-16 

3    7 

176 

?•« 

AboTe66    „     ... 

3    7i 

24 

1-87 

2    6t 

30 

6-43 

2  111 

54 

r» 

Women 

... 

1    61 

134 

28-75 

1     6f 

134 

5-71 

3    Si 

1,882 

100-00 

2    3^ 

466 

100-00 

8    41 

2,848 

KXHIO 

The  women  employed  in  these  last  two  French  collieries  were  oocn- 
pied  on  the  surface  in  picking  out  stones  from  the  coal.  The  mode  of 
classifying  the  ages  of  the  males  does  not  permit  a  very  accnraie 
comparison  with  the  ages  of  the  young  people  in  Great  Britain. 
Having  regard  to  the  pay  of  those  classed  as  between  fifteen  and 
twenty  years  of  age,  it  seems  reasonable  to  suppose  that  not  one-half 
thereof  are  under  sixteen.  If  this  be  correct,  we  should  have  oolj 
6  or  7  per  cent,  of  the  whole  number  below  the  last  mentioned  age 
of  those  employed  underground;  while  in  a  representative  ooDieiT 
in  the  county  of  Durham  out  of  937  persons  the  corresponding  pe^ 
centage  is  about  18.  It  would  therefore  appear  that  the  piopoitiiS 
of  young  people  under  sixteen  is  more  with  us  than  with  the  Frendt. 

The  ages  of  those  employed  at  the  Durham  colliery  just  referred 
to  were  as  follows : — 


Under  12  years  of  age 

12  and  nnder  13 

13  „         16       ... 
16  and  alxive 


No  women  employed. 


7 

13 

160 

757 

937 


In  the  entire  Durham  coal-field,  according  to  the  official  report  il 
1879,  there  were  53,152  men  and  boys  employed.  Of  these  40,I>N 
were  engaged  underground  and  12,488  aboveground. 
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The  following  is  the  division  according  to  ages : — 
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UlTDKBGBOUND— 

Above  18  years— Hewers 

21,105 

Putters 

3,912 

General  Work    ... 
Under  18  years  and  above  16  years 

10,092 
1,679 

35,109 

Under  16  years        

3,976 

5,555 
40.664 

Abovbokound — 

Above  18  years  of  age         

10.763 

Under  18  and  above  16  years 

.        538 

Under  16  years 

...    1,187 

1,725 


12,4^ 
53.152 


In  a  previous  page  reference  has  been  made  in  detail  to  the 
ncreased  exertions  put  forth  bj  the  miners  in  France  and  Relt^ium 
luring  the  years  of  high  prices  and  advanced  wages,  while  in  England 
he  conduct  of  the  men  was  the  reverse  of  this. 

The  following  figures  are  instructive  on  the  subject  of  production, 
ihowing  as  they  do  the  entire  output  of  coal  one  year  before  and  one 
rear  after  the  high  priced  periods  of  1873  and  1874 : — 


France. 
Tons. 

Belgium. 
Tons. 

Northumberland 

and  Durham. 

Tons. 

1872. 

Year  of  rising  prices 

..     15,802,514 

15.658,948 

30.395,000 

1873. 

Do.    highest  prices 

..     17,485,786 

15,778,401 

29.640.000 

1874. 

Do.    high  prices 

..     16,949,032 

14,669,629 

30,543,800 

1875. 

Do.    prices  declining. 

..     17,164,794 

15,011,331 

32,097.323 

If  the  last  named  year,  1875,  be  taken  as  an  index  of  the  capacity 
fcf  the  Northumberiand  and  Durham  collieries,  it  would  appear  that 
ley  furnished  in  the  dear  times  of  1873  and  1874  neariy  7  per  cent, 
ess  than  they  were  capable  of  affording;  while  in  the  same  years  the 
lelgian  pitmen  worked  4  per  cent,  and  those  in  the  Pas  de  Calais  in 
^nce  6  per  cent,  more  per  man  than  they  did  in  the  falling  market 
»f  1875. 
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In  some  parts  of  (jermany,  according  to  Pechar,  the  average  ontr 
put  of  lignite^  per  man  exceeds  the  average  of  the  ordinary  ooal  in  anj 
of  the  three  countries  already  dealt  with.  In  the  province  of  Saxooj, 
in  1875^  above  six  millions  of  tons  of  this  mineral  were  mined,  eich 
workman  employed  representing  a  production  of  520  tons.  The 
average  of  Prussia  amounted  to  450  tons  per  man^  and  that  of  the  entjie 
empire,  with  a  total  of  nearly  ten  and  a  half  million  tons,  was  410 
tons  per  man  engaged. 

The  total  weight  of  ordinary  coal  raised  in  the  Oermau  empiie 
during  the  same  year,  1875,  was  as  follows: — 


Tons. 

Men. 

IVmsperl 

Silesia   ... 

10,444,364 

with    43,506 

240 

Westphalia 

10,749.025 

.,       54,027 

199 

Rhineland 

11,645,014 

„       57,258 

208 

Saxony... 

3,061,275 

„       17.272 

177 

Sundries 

1,391,025 

„       10.602 

181 

37,290.703 

„     182,665 

204 

The  same  authority  from  whom  the  above  figures  are  taken  gi^ei 
the  following  information  respecting  the  average  weekly  earnings  flf 
the  work  people,  including  women  and  children: — 


1864.  1871. 

£      8.      (1.  £      8.    d. 

"Price  of  coal  in  Prussia 

per  ton  0    5    4  0    6  11 


1873. 
£  t.     d. 


187S.  UBJ. 

£     8.     <L      £   &  i 


0  10    9      076      067 


Earnings  per  Week. 

Ruhr  District     ... 

..  0  14 

5 

0  17 

1       1     1  11 

0  17 

1 

0  16  4 

Saar 

.  0  13 

7 

0  16 

5      1    0  10 

0  16 

8 

0  16  i 

Upper  Silesia 

...  0  12 

7 

0  16 

8      0  18    5 

0  15 

9 

013  1 

Average 

..  0  13 

6 

0  16 

8i     1     0    4J 

0  16 

6 

0  15  i 

The  subjoined  table  contains  the  average  weekly  earnings  of  G**  I 
man  and  Belgian  coal  miners,  and  also  those  of  the  Aniche  OoUieffl 
in  France,  as  compared  with  the  wages  actually  paid  at  a  oollicrjii| 
England,  in  the  years  for  which  I  have  the  necessary  data: — 

*  Prohahly  mostly  brown  ooal. 
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Diirhuu. 

10     »| 

Belgium. 
I-     a. 
12  11 

•L          d. 

li  J* 

3«    9 

20    4| 

21     5 

15     3 

29     1» 

16    6 

17  lU 

13    3 

J7     0 

15     3 

12    8 

15     3 

27  in 

17    21 

16    2| 

15    0 

[Tons  worked  per  roiin       ..  :^51  20*  147  164 

he  proportions,  taking  England  at  :51s.  to  cover  houae  i^nt  and 
aa  unity,  are  as  follows : — 

EnffUuid.         Germajiy.  Belgium.  Frftocv. 

■  Monejr  im  ob^7  52"15  48'39 

Work  perf  omwl lUO  5812  41-88  4672 

The  actual  relative  costs  of  labour,  as  measured  by  results,  deduced 
bom  these  figures  would  be : — 

kEDgliknrL  Genu&ny.  Belgium.  Fmnoe. 

100         -,.         95  .,.  124  103 

Thus,  partly  owing  to  natural  advantages  and  partly  to  the  superior 
trength  of  the  Ent^'lish  miner,  it  appears  that  in  B|ute  of  the  higher 
rages  paid  in  this  country,  the  actual  cost  for  labour  on  a  ton  of  coal 
B  usually  less  than  that  paid  on  the  Continent  of  Europe, 

The  average  wages  of  all  the  men  engaged  in  the  coal  mines, 

ployed  for  an  entensive  iron  work  in  Westphalia,  have  experienced 

foUowing  fluctuations  from  16C0  up  to  1878  : — 


Ytu. 

Price  of  SootchPte. 

InereMeoomn 
PerOcnt 

1869 

2     4  92 

2  13 

3 

— 

1870 

2     672 

:;  14 

4 

6-2 

1871 

2  sae 

2  IS 

11 

11-2 

1872 

2  1174 

5     2 

0 

33-6 

1873 

3     3'39 

o  17 

3 

36-2 

1874 

3    3  72 

4    7 

6 

37-3 

1875 

3    0 

3     5 

9 

240 

1876 

2    877 

2  18 

n 

13-3 

1877 

2     5  16 

2  14 

4 

01 

1878 

2     SZH 

2     8 

5 

5*4  decreue, 

In  fchifl  last  year  the  very  gi'eat  depression  in  the  iron  trade  led  to 
inoBUal  reduction  in  the  price  of  all  labjur  connected  with  the 
lafacture  of  the  metal.  As  the  quotations  at  Glasgow  infliieuee 
ue  of  the  mettil  generally,  they  are  inserted  in  the  above  list. 
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In  order  to  compare  the  movement  in  colliers'  wages  in  ( 
Britain  with  Westphalia  I  am  able  by  the  coortesy  of  a  friend,  bu 
engaged  in  the  Scotch  iron  trade,  to  insert  the  net  earnings  of  the 
hewers  engaged  at  his  establishment  daring  the  twenty  yean  en 
1878 ^- 


Year. 

Wages  par  Day. 
8.     d. 

Scotch  Pig.  ATerae«. 
£   a.     d. 

Increaae  on  18Sa 
Percent 

1859 

3     1 

2  11  10 

— 

1860 

3.   6 

2  13     6 

13-5 

1861 

.32 

2    9    3 

2-7 

1862 

3     li 

2  12  10 

1-3 

1868 

3    7i        .. 

2  16    9 

170 

1864 

.4    0 

2  17    3 

297 

1865 

..4    1 

2  14    9 

32-4 

1866 

4    6' 

3    0    f? 

45-9 

1867 

4    li 

2  13    6 

331 

1868 

3    7i 

2  12    9 

16-9 

1869 

3    6^ 

2  13     3 

15-5 

1870 

3    9 

2  14    4 

21U 

1871 

..4    6 

2  18  11 

45-9 

1872 

7    Oi 

5    2    0 

128-3 

1873 

9  11 

5  17    3 

221-6 

187-4 

..7    2 

4    7    fi 

132-4 

1875 

..5    4 

3     5    9 

72-9 

1876 

..4    8 

2  18    « 

51-3 

1877 

4    U 

2  14    4 

331 

1878 

.32 

2    8    5 

2-7 

Taking  these  last-mentioned  figures  from  1869,  and  comparing 
advance  on  that  year  with  that  of  the  Westphalian  work,  we  have 
following  results : — 


1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

m 

Westphalia,  increa.se  %     6*2 

11-2 

23-6 

36-2 

37-3 

240 

13-3 

0-1 

Scotland            „               5*2 

26-3 

97-0 

178H 

101-4 

497 

30-9 

152 

The  following  figures  relating  to  Belgium  have  been  calculate 
tables  given  by  Pechar.  These  assume  that  the  year  comprises 
working  days,  and  exhibit  the  daily  earnings  of  all  hands  engaged! 
colliery : — 


Year 


Wages 


1868. 
s.  d. 
2   2-5 


1869.  1870. 
8.  d.  8.  d. 
2  3-4    2   5 


Per 

Cent. 


1871.  1872. 

B.      d.         8.        d. 

2  4-5    2  10-2 


Increase  on  1869 


5-8 


Per 
Cent. 

40 


Per 

Cent 

24-8 


1873 
8.    d. 
3  8-7 

Vet 
Cent. 

631 


1874.  1S7& 

8.    d.         a  d.    i 
3  3-1      S  2-4  ! 


Per  FW 

Cent.        OaA 

43-4        4at 


n 


2 


w 


1 

a 

I' 

p., 

O 
^ 

•^ 

'^^^^'^ 

-^^ 

C^ 

^^^,  1 . 

T~- 

1 

A 

Itt.   .- 

X* 

£ 

-S 

--^ 

-X 

a 

s 

Zi 

- 

!:::::^ 

^~\ 

1 

I 

1 

1 

1        1 

^/ 

1/ 

n 

P  / 

• 

\ 

\ 

\ 

/ 

^ 

/ 

fi 

\ 
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efore  leaving  these  compiirative  alterations  lo  wages,  I  would  call 
ation  to  the  ac**ompanjing  diagram,  Plato  X.,  in  which  the  flnc- 
fcuatious  given  above  uf  Scotch  pig  iron  Jire  laid  down  in  shillings, 
ini  those  of  wages  in  pence.  In  it  will  l)e  fiet'n  at  onoe  that  the 
Bootch,  and  I  may  add  the  English,  miner  reajjed  a  larger  advantage 
from  the  in)]*roved  position  of  the  iron  trade,  than  fell  Uy  the  lot  of 
brethren  ia  Weetphaha  refen-ed  to  above. 

IRONSTONE. 

If  ironatone  mining  does  not  require  a  long  apprenticeship,  neither 
be  regarded  as  a  trade  which  involves  no  great  amount  nf 
rienoed  tikiU,  The  drilHng  and  blasting  of  nxjk,  the  risks  from 
i  of  exploBives,  as  well  as  from  fulls  from  the  roof  of  the  mine, 
knd  on  the  part  of  the  miner  much  uare  and  forethought.  Besides 
[some  judgment  is  necessary  in  drilling  the  **  shut  holes*'  in  such  a 
ST»ection  as  to  bring  down  the  largest  jxissible  quantity  of  materiaL 
lotwithstanding  these  cousideratious,  and  notwithstanding  the  fact 
bat  the  miner's  vocation  i8  usunlly  tmTied  on  at  a  distance  frcira  the 
e,  and  shut  off  frum  the  light  of  tJic  sun,  the  wages  he  earns  in 
I  foreign  countries  are  very  moderate  in  amount.  This  has  been 
(a  few  pages  back  in  the  case  of  the  collici-s,  and  the  miners  of 
itone  do  not  appear  an  exception  to  the  rule, 
lie  miner  in  Cleveland  is  eight  hours  underground  and  about 
honrs  at  work.  His  net  earnings  afler  ]>aying  for  j>owder  and 
with  the  state  of  tnide,  as  will  be  seen  from  the  fullowing 
It:— 

PiiRK  OF  Pig  Ikon  No*  3  axd  Mikrks*  Wages, 

1873.   Ii74.   1975.  WB.  ISTT^  1S78.  1879.  1S80.  188L  1881 

ft.  iL   »,  d.   B.  d.  n.   d,  «.  d,  «,  d.  n.  d.  n,    d.  a.  d.  a,  d. 

»n  IU«  9  7i  0    6i  0  19  0  13    11  37  0  43    0  50  6  3l»  1  43  4 

...     7  0       6  7i     5  74  5   1-  410;  t  5  3  11  '  4  5}  4  6  5  0 

fhe  men  who  work  the  ironstone  in  Northampt^jnshire  in  the  open 

1  were  only  receiving  3s,  2d.  in  1878  and  48.  in  a  mine  near 

ity  of  Lincoln.    The  Northiimptuushire  wages,  it  will  l)e  seen^  are 

than  tliose  paid  in  Cleveland.    This  is  partly  due  to  the  iiunstoue 

less  akilfnl  laboar  for  (luarry  work  and  partly  to  the  gmailer 

itf  the  trade,  the  requirements  of  which  are  eadly  supphed  by 

icultnnd  pojiulation. 
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A  year  ago  I  vigited  a  mining  district  in  the  Sonth-east  i>f  FVance, 
where  men  working  ironst^me,  after  payiusc  f'^i'  oil  and  powder,  onl? 
received  2s,  8|d.  j^er  day.  For  this  thej  were  1 1  hours  in  the  miue, 
and  had  lu  hours  of  miind  work.  The  day  labourera  were  paid  !8.  Sk!, 
to  28.  per  day.  The  workmen  here  rjirely  pirtook  of  anima]  food, 
their  nourishment  consisting  chiefly  of  maize,  which  cost  Is.  6d.  per 
atone  of  14  lbs. 

Near  Inm  in  Spain,  in  the  year  1B72,  the  miners  in  the  ironmintf 
were  earning  Is.  ll|d.  per  dsiy,  bat  near  Malaga  the  pay  received  hj 
this  class  was  only  Is.  Bd,  per  day. 

In  Luxemborg  the  well-known  thick  bed  of  oolitic  ironstone  i* 
iforked  partly  openwork  and  piirtly  in  galleries.  Upon  the  occaaon 
of  my  visit  the  miners  in  the  former  were  earning  28.  7^.  per 
day,  working  from  daylight  to  dark  in  short  days  and  from  5  a.nL  U> 
7  p.m.  in  summer  with  intervals  of  rest.  In  the  galleries  they  were  1? 
hours  iu  the  mine,  working  10^  hours,  for  which  they  were  paid 
M,  2d.  to  88. 6d.  after  paying  for  powder  and  candles.  They  work  regu- 
larly sis  days  in  every  week.  As  nearly  as  I  could  make  out,  the  touJ 
cost  of  laboirr  on  this  ore  was  SO  per  cent,  leas  than  that  in  tlie  Cleveland 
district,  and  it  possesses  the  further  advantage  of  not  having  to  k 
calcined,  an  operation  always  practised  at  the  Middlesbrough  liimices. 

Upon  the  occjision  of  my  \dsit  to  Liucemburg  the  necessaries  of  li<& 
were  costing;^ — 

Bctf  ...         ,..         .., 7l2d.  per  lb. 

Bread lid.  to  2*1.  VH*r  lb. 

Potatoes    ,,.         ...         ♦ 6A,  per  stouc. 

Hid.  per  lb. 

2d.  per  Ittri*. 

20)8,  per  tnti. 

.f         2a«  per  week. 

12«.  perpidr. 

A  few  yeai*s  ago  the  earnings  in  French  mines,  producing  the  smt 
quality  of  ironstone  a^  that  at  Luxemburg,  were  Ss.  6d-  per  <lay  6.«r  J 
hours  actual  work. 

At  the  same  time  the  Cleveland  miners  were  receiving  5«.  5d.  flir 
7  hours  actual  work  (H  houi^  in  the  mine)  in  which  time  thef  g»»* 
103  cwts. 


Butter 

Milk  

Coftls  

Hom^  rect,  two  roouLs 
Shoed         ,.* 
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Luxemburg  and  French  miueH  do  not  always  afford  a  very  fair 
)f  comparison  with  those  in  Cleveland.  In  each  case  the  ore  lies 
sarn  of  8  t<>  10  feet  in  tliicknees,  but  while  the  Cleveland  miner 
illy  sendH  alJ  he  excavates  to  the  sarface  and  is  paid  thereon, 
ireign  workman  has  to  throw  back  a  considerable  quantity  of 

matter. 

;  one  mine  I  visited  in  the  West  of  Germany*  the  quantity  of 
\  mineral  was  so  great,  that  a  miner  could  only  get  about  4  cms. 
iur,  say  2  tons  in  a  day  of  ten  hours  actual  labour.  For  this  he 
pd  8s.  4|d.  t(«  :1s.  5^*  jier  day.  Notwithstanding  the  natural 
ftntages  referred  to,  the  cost  of  labour  per  ton  of  ore,  at  the 

of  my  visit,  wa^  7^  per  cent,  below  that  paid  in  Cleveland, 
Kher  case  in  the  Kast  of  France,  altliough  the  miners  only  were 
g  8s.  8|d.  per  day,  the  cost  of  labour  per  ton^  on  account  of  the 
'matter,  was  fully  as  bigh  as  that  in  Oleveland, 
to  men  work  together  in  the  mine  and  their  wages  averaged 
,  per  day.  They  who  raise  the  ironstone  by  quarry  work  only 
^s.  7^d.  per  day.  At  Longwy  the  miners  i^eceived  about  88.  7|d. 
ly.    The  time  sjient  at  the  mine.^  is  12  hoars  v^ith  intervals  of 

im  not  able  U^  compare  the  annual  output  per  man  and  boy 
red  in  Franct*  and  (iermany,  with  our  own,  working  the  same 
>f  stone.  The  Report  of  the  British  Iron  Trade  Association 
1  page  70)  gives  the  German  and  Luxemburg  production  as 


PtDdoctloEi  of  Iron  lire  iu 

Avcn^^*  Annuml  Output 
pet  Man, 

Tiitin. 

Tout. 

1872 

5,«I5 

l4Bi 

1873 

6477 

156 

1874 

5.137 

IHli 

1875 

4.730 

168 

1876 

tjll 

179i 

1877 

4.9«<1 

1941 

1878 

bM'2 

Kl6i 

1879 

5,8511 

UH 

1880 

l.'dtiH 

mz 

1881 

7.573 

aos 
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It  is  inferred  from  these  figures  that  the  men  working  in  the  minoB 
have  improved  in  a  corresponding  degree  in  efficiency.  I  have  no 
doubt  that  they  have  improved,  but  it  is  questionable  whether  this  hv 
been  done  to  the  extent  set  forth  in  the  table.  The  ontput  per  head 
is  so  far  below  that  of  the  Cleveland  district,  that  the  only  way  of 
accounting  for  the  difference  is  that  the  German  ontput  includes  a 
quantity  of  a  very  different  kind  of  ore  from  that  of  Luxemburg,  etc 
In  recent  years  the  produce  of  the  mines  in  Luxemburg  and  the  West 
of  Germany — Alsace-Lorraine,  etc. — ^has  been  increasing,  and  this 
alone  would  add  to  the  average  annual  output  of  the  whole ;  because 
a  workman  can  raise  more  of  this  ore  than  of  any  other. 

For  the  wages  received  by  the  Cleveland  miners  they  formerij 
worked  5|  tons  of  ironstone ;  but  they  adopted  the  same  line  of  conduct 
as  that  pursued  by  the  colliers,  viz.  a  restriction  of  output.  In  1873 
the  average  weight  worked  per  man  was  5*25  tons  per  day,  for  which 
he  received  78.  This  year,  1883,  the  daily  produce  has  again  risen  to 
5*75  tons  and  the  average  earnings  have  been  about  5s.  In  each  case 
this  is  after  paying  for  powder  and  oil. 

BLAST  FURNACES. 

Forty  years  ago  80  or  100  tons  a  week  would  have  been  considered 
a  fair  make  for  a  bhist  furnace  smelting  ironstone  of  the  Cleveland 
character.  At  that  time,  generally  speaking,  the  works  were  deficient 
in  blowing  power;  there  was  a  prejudice  against  heating  the  air 
l)eyond  600°  F. ;  and  the  furnaces  did  not  exceed  a  capacity  of  5,000 
or  6,000  cubic  feet.  In  the  present  day  the  blast  engines  are  much 
larger,  the  heating  stoves  are  able  to  conmiand  a  temperature  of 
IjOOO""  F.,  and  when  of  fire  brick  as  high  as  1,400°  F.,  and  the 
furnaces  themselves  have  usually  four  times  the  contents  of  their 
predecessors  at  the  time  referred  to.  The  consequence  is  that  45<> 
tons  per  week  is  not  an  unusual  make,  while  occasionally  500  to  550 
tons  is  run  from  a  well-appointed  plant  at  Middlesbrough  when 
smelting  Cleveland  stone. 

In  the  year  1844  blast  furnace  keepers  were  working  for  8s.  7d.to 
48.  a  day,  and  their  slagmen  for  3s.  Ten  years  afterwards  the  dii- 
covery  of  the  Whitby  beds  of  ironstone  near  Middlesbrough  id 
secured  for  the  banks  of  the  Tees  a  prominent  position  as  a  centxe  d 
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Se  iron  trade.  A  demand  sproug  up  ff>r  suitable  man  tu  utt*fnd  up<^>u 
the  hltiHi  furnaces;  aiid  labour  rose  aocordint^ly.  uutil  keepers  iu  1858 
ftiached  73.  iiod  slagmeu  as.  {;d.  a  day,  other  branches  of  the  work  par- 
^patin^  in  the  change  of  druuTUstauct5S.  At  the  sanie  time  it  must 
mentioned  tkit  the  improved  plant,  introduced  about  1851  into  an 
entirely  new  district,  had  btjeu  accompanied  l>y  an  increase  in  the 
make  amounting  to  50  per  cent,  or  even  more.  The  great  enlargement 
in  the  capju:;ity  of  the  furnaces  wliich  took  place  iJi  18iU  and  18 (;5,  wajs 
allowed  by  a  further  improvement  in  the  earnin^^s  of  those  engaged 
workinj^  them;  so  that  all  classes  received  higher  wa^es,  keepei"8 
[id  flagmen  in  1871  bein^  paid  88«  to  Bs.  6d.  and  4s.  3d.  to  4s,  6d* 
er  day  respectively. 

The  incrcivsed  production  has  of  course  added  to  the  exertions  re- 
lired  at  the  hands  of  the  men,  aa  there  is  more  space  to  be  mouldeil 
i>r  receiviug  the  larger  quantity  of  iron;  but  so  far  as  the  actual  work 
the  fiu'nace  itself  is  concerned,  the  most  experienced  iwhuit  that  the 
fcbuur  is  less  severe  than  it  was  when  a  furnace  made  only  one  sixth  of 
be  quantity  commonly  run  at  present  from  the  Cleveland  establish- 
Qcnts.  This  change  is  entirely  due  to  the  improved  cliaracter  of  the 
Jant  and  appliances,  as  refen'ed  to  in  the  previous  page. 

The  extraordinary  infiation  of  the  iron  trade  in  the  years  1872  and 
1 873  pre ►d need  a  correspoiidiu*]^  eflFect  on  labour;  so  that  at  one  time 
[>me  sections  of  a  blast  furnac*e  staff  were  receiving  fully  three  times 
;  mach  OB  was  paid  in  the  year  1850.  Subsequent  reveraes  of  a  very 
erioQS  chfiracter  have  of  couiiae  modified  this  state  of  things,  but  a 
man  can  even  now,  at  the  worst  of  times,  eani  twice  as  much 
I  father  did  at  the  same  occupation. 
Although  it  has  not  been  stated  in  explicit  tenns,  tlie  ironmaster 
tbeen  no  loser  by  paying  the  higher  wages  as  compared  with  former 
This  favourable  msult  has  been  partly  ge< tared  by  the  larger 
nount  of  work  performed  but  still  more  by  the  introduction  of  well 
plans  for  saving  labi>ur. 
On  the  Continent  the  practice  differs  from  that  in  Cleveland,  hi 
where  the  make  formerly  did  not  usually  exceed  two  to  thnse 
iundred  tons  in  the  week  three  men  were  usually  engaged,  whereas  at 
[iddiesbrongh  two  did  the  work ;  and  even  in  the  case  of  a  fumact* 
400  or  500  tona,  two  and  a  half  men  suffice,  «.«.,  three  men 
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on  the  day  turn  and  two  at  night.  Oocasionallj  in  Luxemburg  wlu 
the  make  is  large,  say  100  tons  per  24  hours,  three  men  are  emplov( 
at  keepers'  work  at  a  cost  of  about  1  Is. 

To  show  the  differences  between  the  pay  of  the  head  iuniac 
keepers  in  England  and  on  the  Continent  I  have,  for  the  same  jean 
extracted  the  following  from  my  note  books: — 

Oleftalaiid. 


1867.- 

-France,  South 

3s.  Hid.,  4s.^ 

„        p:asi    ... 
Westphalia 

28.  2d.,  28.  SJd. 

.      3s.,  3s.  6d..  48.,  4s.  6d. 
2s.  4|d..  2s.  9id.^ 

.     6s.8|d. 

Belgium 

1868.- 

—France,  East    ... 

38.6Jd. 

6»,^d. 

1872.- 

—Spain.  South    . . . 
,.       North  ... 

28. 

4s. 

98.0jd. 

1873.- 

—France,  East    ... 
Luxeinhurg 

3s.  lid.,  3s.  8d. 

4s.  9d. 

10s.6id 

1875. 

-France,  East    ... 

2«.  9d. 

98.  lid. 

1878.- 

—       ..         ft 

3s.  6id.,  38.  7i(l,  3s.  11^.^ 

Luxemburg     . . . 

48. 

(lermany.  West 

3s.  3itl.,  38.  5d. 

Westphalia 
Hanover 

3$.,  38.  3^.,  4s. 

3s.  7id. 

^      88.  l|d- 

Belgium 

.  3s.  2d.,  38.  0^.,  3s.  5id. 

(icnnany,  West 

38.  Hid. 

Sweden 

2s.  lldJ 

1881.- 

—France,  East    ... 

3s.  3id.»  4s.  4id. 

7s.  9id. 

1882.- 

—Austria 

8s.  4d.,  48.  2d. 

8s.  Id. 

The  pay  of  Continental  keepers  varies  from  3s.  to  8s.  9d.,  and  ii 
one  case  reaches  48.,  and  in  another  as  much  as  58.  per  day.  'R* 
assistants  run  from  2s.  5d.  to  Ss.  6d.  At  almost  all  the  foieig* 
furnaces  included  in  this  list  the  iron  was  being  run  in  iron  moulds 
which  entails  somewhat  less  labour  than  in  the  case  of  Glevelaw 
where  the  metal  is  received  in  sand. 

According  to  the  foregoing  table  of  wages,  the  English  faroac 
kee|>er8  receive  at  least  double  the  pay  of  those  on  the  Contincn 
Owing  however  to  differences  in  the  division  and  nature  of  the  wwl 
it  would  be  very  difficult  to  speak  precisely  as  to  the  relative  amooi 
of  duty  performed  by  each.  Speaking  approximately  it  may  * 
taken  that  the  British  keepers  do  one-half  more  work  than  any  < 
those  mentioned  in  the  list. 
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With  the  iibove-mentiotied  classos  of  men  on  the  Cfintitient  there 
ha>*  becB  an  advance  during  the  kst  thirteen  years,  in  crises  where  the 
wages  were  very  low.  Thus  the  keepers,  who  in  1867  i-eceived  less 
thim  88.  a  (lavt  now  (IhH2)  get  Ss.  6d.  to  48.;  while  those  in  Wcstplmlia 
»nj  onlj  rjarnin^  about  the  same  wages  now  as  they  did  in  1HG7, 

The  obsen'atiMus  which  have  been  made  in  these  pages  respcetinj^^ 
the  gradual  rise  in  wages  at  the  collieries  on  the  Continent,  are  equally 
applicable  to  men  genemlly  engaged  in  the  iron  works.  In  the  year 
1879,  a  friend  lining  on  the  banks  of  the  Rhine,  and  largely  interested 
in  the  iron  trade,  gave  me  the  following  intbimation  respecting  the 
<'haDges  in  the  value  of  labour  in  that  dietriet  during  the  previous  ten 
veai*«.  The  establishment  consisted  of  blast  furnaces,  foundry,  and 
engineering  shops,  the  average  yearly  and  daily  earnings  per  nmn  fiu* 
the  whole  f^tablishment  being : — 

I8ej9     ... 

1870 

1S71 

1872 

1873       . 

1874 

1875      . 

1870 

1877 

1878 

At  the  blast  funuices  itlone  the  avemge  wagefi  |m,t  nuiii  yniv  thy 
wen*' — 


r«r  AxuuiJu. 

.e    •. 

d 

m    7 

u 

att    1 

0 

liH     i} 

44   11 

5:i  m 

U  17 

m  1 1 

H  17 

11     2 

0 

40  12 

0 

1875, 
ft.     d. 

2     H 


is7e. 

I,     d. 
2     9 


2     8* 


tsrd, 


d. 
7i 


Few  men  would  however  earn  the  ftdl  amount  mentioned  above,  as 
from  the  gross  earnings  had  to  l^e  made  dedactious  for  sickne88  and 
other  causes  of  ubsenoep 

It  often  hap]ieus  that  circumstances  connected  with  the  receptiou 
and  storing  of  minerals,  and  a  general  want  of  suitable  arrangements 
ff/r  economizing  labour  abroad,  give  the  works  of  this  country  a  con- 
nidcnible  advantage  over  those  of  Fnince,  Germany,  and  Belgium. 
Thtts,  partly  from  the  causes  just  named,  and  to  some  extent  from 
thv  coke  filly's  having  to  collect  the  coke  from  the  ovens,  which  are  at 
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the  fdmaces,  often  doable  the  number  of  persons  is  employed,  as 
compared  with  the  furnaces  in  the  Cleveland  district.  On  the  other 
hand  sometimes  the  conditions  of  work  greatly  resemble  the  Glevelaod 
mode  of  procedure,  but,  while  employing  men  at  much  lower  wages 
(60  per  cent,  of  the  Cleveland  rates)  more  hands  are  required  for 
the  same  amount  of  labour. 

Having  in  my  possession  the  numbers  of  men  engaged  at  seveni 
blast  furnaces,  and  the  rate  of  wages  they  receive,  I  have  been  enabled 
to  compare  the  earnings  at  each  furnace  with  those  of  ClevelanA 
For  each  sovereign  paid  in  the  furnaces  on  the  Tees  I  estimate  the 
foreign  staflFto  receive  as  follows: — 


a.     d. 

I.     Cleveland    ... 

20    0 

2.     Westphaliau  iron  work 

13     6 

3.-          ..             .,       „         

12    0 

I-.  -  West  of  Germany ... 

12    0 

5.—     „                 „         

12    0 

The  larger  number  of  persons  required  to  perform  a  given  amount 
of  work  was  remarked  upon  by  the  authors  of  the  "  Voyage  Metal- 
lurgique,"  in  1837.  They  give  as  examples  a  Welsh  ironwork  making 
200  tons  per  week,  say  10,000  tons  a  year,  and  a  French  establish- 
ment on  the  English  plan  making  half  this  quantity,  say  5,000  tons 
a  year.     The  numbera  are  as  follows : — 


Kxtniction  and  transport  of  coal 
„  ore 

Transport  of  minerals  separately  paid  in  France 


Blast  fnrnaces,  calcining,  etc.,  etc. 
For^e  and  mill    ... 
Directors  and  sij^ents 


WelBh 
Work. 

Wort. 

317 

541 

521 

89 

— 

SO 

838 

eeo 

309 

245 

205 

255 

31 

14 

1,383 


1,174 


Since,  they  rightly  observe,  differences  in  the  coal  and  ore  nwj 
entail  more  labour  in  France  than  in  England,  they  also  compare  two 
forges;  and  the  result  of  the  examination  is  that  the  English  workmea 
make  twice  as  much  iron  as  the  French. 

Notwithstanding  the  comparative  cheapness  of  labour  on  the 
Continent,  when  contrasted  with  our  own  country,  the  subject  of  i^ 
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receiving  constant  attention  at  the  handH  of  foreign  iron- 

aters.    As  an  example  I  may  quote  the  ease  of  my  friends  Meesieui's 

Wendel,  at  Hayange  in  Alsace,  where  the  latest  improTements  in 

st  fiirnacc  practice,  as  put  in  fon^e  firat  at  Middlesbron^h,  have  been 

Itroduced;  without  any  notable  chanije  however  havinjx  been  made  in 

scale  of  wages. 

In  another  Ciise,  in  Rhenish  Prussia,  there  were  employed  at  the 
St  furnac^es  in  IJiiri  151  men,  who  received  in  that  year  collectively 
,427,  equal  therefore  j^er  man  to  £49  Ss.  Bd>  per  annum,  or  aboai 
per  week.  The  same  furnaces  were  worked  in  1878  with  117 
ten,  who  were  paid  £5,581,  eqoal  to  £47  Ha.  ]:ier  nnuum»  or  188.  .^d. 
per  week*  At  the  same  time  the  output  of  the  furnaces  wm  increased 
AO  per  cent. 

It  would  appear  tliat  the  men  en^nji^ed  in  the  blast  furnaces  gene- 
yally  ar«  greatly  improving  in  efficiency  in  Germany  and  Luxemburg, 
Bit  according  to  official  fi<i:ures  the  average  annual  output  per  man  fui^ 
the  different  years  named  has  been  as  follows:* — 

These  figures  show  an  increase  of  711  percent,  in  1881  as  compared 
with  1872.    None  of  these  figun?8  however  are  any  approach  to  whiit 
done  by  the  workmen  at  the  Cleveland  ftirnaces,  and  illustrates 
bat  has  been  already  observed  in  these  pages,  that  well  paid  and  well 
men  are  not  a  I  way  a  more  expensive  to  the  eiu  plover  than  ba<ily 
lid  labour.    As  a  matter  of  fact,  I  have  rarely  found  the  wages  on 
I  ton  of  the  furnace  produce  t<>  amount  to  less  than  what  I  have 
ind  it  to  he  in  rieveland* 

MALLEABLE   IRON. 

Ill  1840,  when  I  first  became  occupied  with  the  manufacture  of  mal- 

ible  iron,  there  was  still  a  lai-ge  quantity  of  inetal  used  in  the  puddling 

lace,  which  had  previously  passed  through  the  refinery,    Prfu/tically, 

[  Great  Britain  at  least,  the  only  recent  improvement  in  rolling  mill 

|>rk  has  been  the  suppression  of  this  preliminary  operation,  effected 

frreat^r  attention  to  the  conditicm  of  the  bottf>m  of  the  puddliu)^' 

by  the  copious  use  of  **  fettling."    Upon  different  oa^sions 
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1*72 

U73 

W4. 

1875 

1«76 

iaT7 

im 

187* 

18H0. 

lasi 

r*»i** 

Ton*, 

TunK^ 

Tohn, 

Tons 

Tons 

TtHlli 

Toiw. 

Toim. 

Toui 

76 

m 

78 

NI» 

9J)i 

io<; 

i;t24 

12S 

I2y 

I'M 

52G  SECTION  XVI. — BRITISH  LABOUR  COMPARED  WITH 

attempts  have  been  made  to  replace  a  portion  of  the  pnddler^s  severe 
labour  by  mechanical  agency;  but  little  encouragement  was  given  to  the 
ironmaster,  in  laying  out  his  money  in  this  direction,  by  the  men  thm- 
selves,  who  required  the  same  pay  as  when  performing  the  operation 
exclusively  by  hand.  This  unwillingness  on  the  part  of  the  workmen 
to  assist  their  employers  in  improving  the  manufacture  of  malleable 
iron  is  to  be  lamented  on  account  of  both  masters  and  men.  No  nation 
has  been  more  conspicuous  in  introducing  ameliorations  into  its  various 
branches,  than  the  English.  Nevertheless  when  these  are  most  wautcd, 
and  when  we  find  ourselves  undersold  in  foreign  markets  and  in  onr 
own,  that  renown  in  the  march  of  progress  seems  to  have  forsaken  ns. 
Some  ten  years  ago,  Mr.  Danks  claimed  to  have  succeeded  in  dis- 
pensing entirely  with  the  severe  manual  labour  required  in  the  actual 
process  itself;  but  unfortunately  his  invention  came  too  late;  for  it  was 
recommended  to  public  notice  just  about  the  time  when  the  Bessemer 
process  was  apparently  in  a  fair  way  to  extinguish  the  puddl»*i» 
occupation  altogether.  Although  this  expected  event  has  not  so  far 
been  realised,  there  seems  to  be  suflScient  uncertainty  connected  with 
the  future  of  the  iron  trade  to  prevent  any  general  and  vigorons 
attempt  being  made  to  economise  the  labour,  and  lessen  the  severity, 
of  the  puddler's  toil.  As  a  matter  of  fact,  his  work  is  carried  on  pretty 
much  as  it  was  performed  forty  years  ago— his  pay  fluctuates  with 
the  greater  or  less  prosperity  of  the  iron  trade;  but  his  position, 
one  of  the  most  laborious  in  the  entire  manufacture,  remains  unchanged 
by  any  such  improvements  in  his  appliances,  as  we  have  seen  introdnoed 
in  so  marked  a  degree  in  the  case  of  the  men  at  the  blast  fumaas  and 
which  are  perhaps  still  more  conspicuous  in  the  other  processes  <»f 
making  malleable  iron,  which  follow  that  of  puddling. 

In  1840  the  price  paid  for  puddling  pig  iron  in  Staffordshire  and 
on  the  Tyne  was  98.  6d.  per  ton  long  weight.  In  1842  it  fdl  to 
7s.  8d.,  and  I  think  at  one  time  was  as  low  as  6s.  6d.  A  ton  and 
a  quarter  of  puddled  iron  was  a  good  day's  work.  This  at  Gs.  6d.  per 
tr)n  amounts  to  8s.  l|d.,  out  of  which  the  puddler  had  to  pay  probablj 
not  less  than  2s.  6d.  to  his  underhand,  leaving  him  a  trifle  above  56. 6d. 
for  himself. 

The  following  table  sets  forth  the  fluctuations  to  which  this  Vai 
of  work  has  been  subjected  in  later  years: — 
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Ifc  will  l>e  perceived  that  the  Welsh  rates  are  much  below  those  of 
igland,  lueludinp:  a  bonus  of  lOd.  per  shifl  for  full  time,  the  head 
addJer  could  earn  58.,  and  his  underhand  28.  6d.  per  day  when  the 
ice  paid  was  4s.  5d,  per  ton  S.W,,  the  produce  being  30  cwts. 

In  Cleveland  27|  cwts,  is  considered  a  fair  day*8  work.    This 

iiantity  at  7s,  per  ton,  with  a  bonus  of  D^d.  per  ton  for  full  time, 

[labled  the  chief  man  to  get  78. 2d-,  and  his  underhand  Ss.  Cd.  per  shift. 

It  is  not  always  an  easy  task  to  ci>mpare  the  work  of  an  Enj^lish 

iiiddler  with  that  of  a  foreigner.     In  many  places  abroad  it  is  the 

racticc  to  have  three  men,  or  two  men  and  a  strong  boy,  at  the 

[imaoe,  which  of  itself  enables  a  little  more  work  to  t>e  done.     The 

^lief  advantage,  however,  in  respect  to  lalKHir  lies  in  differences  in  the 

rfity  uf  the  iron;  which  abroad  frequently  contains  only  onc-fouith 

'  the  silicon  usually  found  in  Cleveland  iron;  and,  as  is  well  known, 

kiB  metalloid  calls  for  special  exertion  on  the  part  of  the  workman. 

In  the  year  1867,  during  a  visit  to  the  south  of  France,  I  found 
l^  to  40  cwts,  repreiieuted  the  twelve  hours*  produce  of  a  puddling 
Bmaoe;  the  price  paid  varying  with  the  quality  turned  out  by  the 
[iddler,  and  a  premium  being  often  reserved  for  excellence  of  produce. 
lie  prices  paid  fluctuated  from  os.  lod,  to  7s*  2id*,  and  the  average 
eight  produced  was  38^^  cwts.  The  total  earnings  per  shift  therefore 
aonnted  to  about  126,  4cL,  divided  approadmately  in  the  folio  wins:  man- 
r;  the  first  man  68, 9d,, second  Ss*  3d.,  third  28, 4d,  At  Middlesbrough 
jie  earnings  at  that  period  of  the  head  man  would  be  8s,  per  day* 

On  the  Rhine,  in  18G7,  S2J  to  36  cwts.  seemed  to  constitute  the 
iitiai7  twelve  hours'  work,  for  which  5s.  Gd.  U^  r>s,  \\^.  ^x  U)W  «jS. 
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puddled  bar  was  paid.  This  amounted  to  about  98.  8d.,  to  be  divided 
by  giving  probably  5s.  8d.  to  the  first  man,  28.  6d.  to  the  second,  and 
is.  Gd.  to  the  boy.  In  this  case  the  chief  puddler  earned  about  60  per 
cent,  of  that  of  the  head  man  in  England;  the  same  weight  of  iron 
costing  for  puddling  about  one-half  more  in  England  than  in  ttie 
(Jerman  works  referred  to. 

In  1878  I  found  that  in  this  part  of  Germany  the  price  averaged 
for  different  qualities  about  6s.  2d.;  which  on  the  weight  obtained^  Sl^ 
cwts.,  would  give  Os.  lOd.  Two  men  only  appear  to  have  been  working 
the  furnace,  something  after  the  fashion  of  what  is  known  as  "lerel- 
hand"  in  England,  for  the  money  was  divided  by  giving  58.  64  to  the 
best  of  the  two  workmen  and  48. 4d.  to  his  mate.  The  price  of  puddling 
in  that  year  at  Middlesbrough  was  7s.  9d.  long  weight,  or  say  78.  3d. 
short  weight;  being  about  18  per  cent,  higher  than  the  German 
rate. 

In  Western  Germany,  in  1878, 1  found  two  men  doing  eleven  heite 
of  pig  per  turn,  giving  48  cwts.  of  puddled  iron:  the  pig  only  con- 
tained '25  per  cent,  of  silicon.  The  price  paid  was  2s.  lid.  to  the 
upper  and  Is.  Q^d.  to  the  underhand,  or  48.  8^.  together.  At  these 
prices  the  former  earned  7s.,  and  the  other  4s.  Id.,  per  day.  The  pig 
iron  was  preheated  in  a  chamber  known  as  a  "dandy."  The  Englidi 
price  for  puddling  was  therefore  fully  one-half  more  than  that  of  the 
German;  but,  owing  to  the  large  make,  the  chief  puddler  earned 
nearly  as  much  as  is  paid  in  England. 

In  the  same  portion  of  the  German  Empire,  a  mechanical  rabbk  is 
used,  and  by  its  means  65  cwts.  of  puddled  iron  are  produced  ftom 
each  furnace.  The  men  were  paid  according  to  quality,  the  iron  being 
all  sorted.  The  prices  per  ton  were  3s.  8|d.,  4s.  5id.,  and  58.  2d.,  the 
average  actually  paid  being  4s.  lO^^d.;  and  the  individual  daily  earn- 
ings were  5s.  to  Gs.  to  the  first  man,  5s.  to  the  second,  3s.  9^.  to  the 
third,  and  Is.  G^d  to  a  lK)y.  This  was  in  1875,  when  the  price  paid 
in  the  North-east  of  England  was  Os.  7d.,  or  almost  exactly  double  thf 
j)rice  paid  by  the  German  ironmaster.  It  is  to  be  remarked  that  ths 
relief  afforded  to  the  men  by  the  mechanical  appliances  is  such  tW 
they  arc  able  to  work  for  12  hours  instead  of  10  to  10^  hours  as  U 
Middlesbrough.  An  economy,  about  50  per  cent.,  in  the  consninptica 
of  coal  results  from  the  use  of  this  improved  furnace  which  wonH 
re])resent  a  saving  o^  «i\>o\\\i  4«».  ^^  \«tv  ^^  ^^\.ddled  iron. 
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^  In  Spain,  in  the  year  ]87'2,  36  cwts.  of  puddled  iron  were  reccivod 

in  twelve  hours,  for  which  68.  wm  paid :  the  cost  on  the  Tees  for  the 

Hbie  (juantifcy  bein^f  lis.  8d.,  or  say  lOs.  6d.  short  weight. 

^1  The  output  in  Belt^^ium  is  usually  about  35  cwts.  for  twelve  hoiirfi; 

^HP  which,  in  188:1,  48.  9d.  was  paid  f»er  ton,  the  Cleveland  rate  Ixiing 

78.,  with  an  allowaiice  for  full  time.    The  staff  of  three  men  at  the 

Beleriaii  funiaoe  would  therefore  earn  88.  4d.,  a^inst  Us.  8d,  for  the 

fo  men  at  the  English,     The  earnings  however  of  the  upper-hand  in 

-  former  case  would  be  probably  58.  4d,,  against  <>s.  2d.,  in  the 

er;  80  that  the  Middlesbroug-h  puddler  receives  U>  \>er  cent,  more 

the  Belgian,  and  the  work  costs  the  English  ironmaster  47  per 

It,  more  than  his  foreign  competitor. 

Some  confusion  arises  in  comparing  the  entire  costs  of  labour  in 

puddling  forge  in  different  works,  owing  to  the  difFcrences  of  the 

ies  in  which  the  accounts  are  kept;  some  charging  men*s  time  for 

urs  under  a  general  head,  which  includes  materials.     Besides  this 

of  derangement  there  are  diflferences  arising  from  the  nature  of 

I  work  performed,  and  in  the  general  convenience  of  the  appliances. 

elieve,  however,  I  shall  not  be  far  from  the  tnUh  in  laying  down 

following  data  for  puddling  ordinary  quality  in  1878;— 

Average  jier  Tuu. 

eveUnd,  with  n  bonus  f <yr  f till  time  ,     7s,    2d.  ^hort  wt. 

eni«h  PmTinees,  4s.  7d.,  5fi.  2d.f  5b.  9A.,  6k.  6d.,  uv.  4  wurk8^58.    6d.        „ 

liteni  Oernuwiy  ...         ,.. ...         ...         ...     4m,  lOJd,      ,> 

^um,  46. 2jiL,  4s.  10 |d.^  5a.  2 id.,  5s.  2|d.,  5s.  lld.p  av>  5  works  -  5(4.    Id.        „ 
-North-East  ...         ,..         ..,      5».  9Jd..  5«.  10id,  =  5i».    9id      „ 

On  comparing  the  total  wagea  paid  in  the  puddling  forge  in  the 
of  England  with  the  payments  on  the  Continent  I  find  that 
.  cost  in  England  is  often  fully  f>0  per  cent,  higher  than  the  average 
of  works  I  have  visited  in  Western  Germany  and  the  East  of  France. 
The  effect  of  this  is  that  the  expense  of  making  puddled  bar,  irrespective 
of  the  price  of  pig  iron,  is  some  shillings  more  in  Enghmd  than  in  those 
localities  with  which  I  have  compared  it.  It  may  be  added  that  the 
ftverage  eamings  of  all  the  staff  in  one  of  the  foreign  establishmentH 
Were  Sb.  6d.,  whereas  in  England  it  is  close  on  4s,  In  Germany  the 
puddled  bar  I'ollers  and  shinglers  were  earning  59.  3d.  per  day,  whereas 
in  the  county  of  Durham  the  former  were  paid  in  1878^  13s.  to  If>8. 
per  day^  and  the  latter  lOs.  to  18s*  per  day* 
^m  If  tl 
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The  metal  delivered  to  the  foreign  puddling  fornaoes  is  frequenliT 
hard  and  white,  and,  to  use  the  workman's  language^  *'  soon  oomes  l» 
nature."  A  material,  somewhat  of  the  same  character  as  that  in 
question,  is  often  used  in  South  Wales,  for  the  working  of  whidi  abom 
the  same  price  is  paid  as  that  current  in  (Germany  and  elsewh^e.  I 
believe  that  the  Welsh  practice  has  not  been  followed,  at  all  evente  b» 
any  extent,  elsewhere  in  the  United  Kingdom;  and  it  may  be  obierfJ 
that  wages  in  the  Welsh  iron  works  have  always  been  notably  lew 
than  in  England  or  Scotland. 

Pig  iron  intended  for  forge  purposes  is  distinguished  in 
under  five  denominations.     These  are: — 

Per  Cent.  Carbon.        Per  Cent  Flwpi)* 
1. — Metis — Very  common,  containing      ...        2*00  ...  2*26 


2. — Ordinaire — Common 

3.— Jbr<— Strong 

4. —   „    — Extra 

5. — Aciereux — Steely 


2-50  ...  1-75 

300  ...  1-25 

3-50  ...  0^5 

4-00  ...  0-25 


At  one  work  which  I  was  permitted  to  visit  puddling  was  per- 
formed in  a  double  faniace  worked  from  both  sides,  but  without  i? 
mechanical  aid.  No  Metis  was  used.  Of  Nos.  2  and  3  eight  diaip 
of  pig  were  worked  in  every  shift  weighing  about  72  cwts.;  brt  i 
Nos.  3  and  4,  54  cwts.  per  shift  only  were  puddled.  For  No6.%V 
and  4  the  prices  paid  in  1878  were  4s.  2;^.,  4s.  6d.,  and  48.  llJAp* 
tonne  of  1,000  kilogrammes.*  At  these  rates  the  head  puddler  eanrf 
on  common  iron  5s.  2|^d.,  and  his  underhand  3s.  5^.  per  shift,  fc 
quality  of  the  product  l)eing  very  similar  to  that  made  at  Stocktoi 
and  Middlesbrough. 

When  the  work  of  the  finishing  mills  is  examined,  it  will  be  fonJ 
in  certain  instances  that  the  difference  between  Great  Britain  •! 
Continental  countries  far  exceeds  that  just  named  as  obtaining  in  ^ 
puddling  forge. 

In  Great  Britain  for  boiler-plate  or  ship-plate  rolling  I  find  tW 
between  1841  and  1843,  the  prices  paid  were  10s.  in  the  former  jetf 
and  88.  9d.  in  the  latter  per  ton  for  heating,  rolling,  and  shearinff' 
The  same  work  cost  in  1875  about  9s.  3d.,  so  that  practically  the* 
has  been  no  change  in  the  actual  tonnage  prices  paid  to  thcw*' 

'  On  the  Continent  the  tonne  is  1,000  kilogrammes  «-  2,204  Ibt. 


i 


XVI. — THAT  OF  THE  flONTINEKT  UF  EUROPE,  TilW 

forty  years.     In  one  respect,  bovvevTsr,  there  is  a 

in  the  oouditions  of  plate*rolliiig  between  the  two 
to,  50  tons  per  week  was  proljiablj  a  fair  make  for  a 
Iseqaence  of  the  use  of  more  powerful  machinery,  utkI 

aracter  of  the  orders  so  largely  given  out  for  sJiip- 
iDduction  has  risen  io  400  and  Bometiraea  reachej  (>0() 

week. 
UT  of  a  friend,  the  manager  of  a  large  plate  mill  in 

an  account  of  the  earnings  rjf  fouiteen  iiead  plate- 
mt  amount  received  was  178. 5d.  per  shift,  the  highest 
A  the  average  of  the  whole  nnml>er  was  £1  7s.  Hd. 
e  head  shearman  ranged  from  18s.  lOd.  to  £1  168.  Id. 
iier^re  l>cing  £1  8s,  Sjd.  The  heaters  earned  from 
^d.,  the  average  of  fourteen  men  being  12s.  8d.  each 
wages  were  received  after  all  deductions  for  assistance 

possession  a  statement  representing  the  actual  pay- 
1870  by  a  Continental  firm  for  cjirrjing  on  a  work 
It  300  tons  of  puddled  iron  per  week,  with  a  plate  mill 
tons.  I  propose  comparing  the  wages,  exclusive  f>f 
\,  paid  in  the  various  departments,  with  those  of  an 
irning  out  also  300  tous  of  puddled  iron,  along  with  a 
800  tons  of  plates.  lu  the  latter  case  the  deficiency 
B  supplied  by  purchases  from  other  quarters, 
.point  out  the  great  dissimilarity  In^tween  the  daily  pay 
orkmen  in  the  two  instances  selected  for  comparison. 
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The  enonnouB  differences  between  most  of  the  figures  in  the 
columns  would  prepare  us  for  supposing  that  the  cost  for  labour  n 
necessarilj  be  correspondingly  higher  in  the  English  than  in 
German  mill.  This  is  more  or  leas  true  as  regards  the  padd 
process,  for  although  the  earnings  of  the  puddlers  do  not  differ  gre 
in  the  two  cases,  the  actual  cost  of  puddling  is  above  66  per  cent  n 
in  the  English  than  at  the  German  work  with  which  it  is  oomps 
viz.  4s.  O^d.  against  7s.  lid.  per  ton  S.W.,  inclusive  of  priae  ma 
at  the  latter  for  full  time.  This  arises  partly  from  differences  in 
nature  of  the  two  kinds  of  pig  iron  employed,  but  more  especii 
from  the  Gk^rman  workmen  having  taken  kindly  to  the  dk 
mechanical  help,  by  which,  instead  of  about  30  cwts.,  each  fiuv 
puddles  70  cwts.  of  pig  iron  per  shift.  According  to  the  figures  gin 
to  me,  I  have  calculated  that  for  each  £100  paid  in  wages  in  ti 
German  puddling  mill,  made  up  of  the  items  placed  in  its  colon 
the  cost  for  the  same  amount  and  kind  of  labour,  paid  by  the  Engi 
manufacturer  is  that  shown  in  the  adjoining  amounts: — 

Delivering  materials  , 

Engine  and  fire  men 

Puddlers        

Shinglers       

Bogey  men,  roUers,  draggers,  &.c.  ... 
Sundry  labour  ...         


It  is  very  remarkable  that  when  the  actual  cost  for  labour  perl 
of  plates,  in  the  finishing  mill,  at  the  two  places  is  compared,  tbBR 
in  spite  of  the  very  much  greater  individual  earnings  of  the  ma^ 
such  difference  as  that  just  shown  as  obtaining  in  the  jnU 
department.  In  the  English  works,  situate  in  the  County  of  Dish 
it  is  a  common  practice  to  contract  with  one  man  who  pays  te 
necessary  help  at  such  rates  that  his  own  earnings  ai^  oftoi  gn 
increased  from  this  cause.  There  is  no  doubt  also,  that  die  101 
of  duty  performed  per  man  is  much  greater  in  England  thi ' 
abroad,  as  is  proved  by  the  larger  number  of  persons  empkjeiii 
Continental  works.  As  examples,  while  one  man  and  a  bcf  1 
work  a  mill  furnace  in  England,  the  men  fix>m  all  the  fomaoei 


OennanWork. 

EofUdiWafi 

...       4  42 

2-45 

...       3-30 

MO 

...     63-25 

lOS^O 

..       4-50 

iriu 

...     22-W 

12-10 

...       1-89 

M 

£100 

£145 

^scrnOK  rv^i, — that  of  the  continent  of  burope.        bx^ 

each  other  in  charging,  at  this  foreign  work  in  question  there  arc 

irntice  men,  one  receiving  Gs*  6|d.  and  the  other  48.  per  day, 

a  boy  at  Is,  2^d.    The  German  plate  rollers  are,  aa  has  been 

})aid  a«  ejiceedingly  Bmall  wage  as  compared  with  those  in  the 

1  of  England;  but  then  at  the  former  there  are  no  less  than  22 

Fengajj^ed,  a  much  larger  number  than  is  to  be  seen  doing  the  stime 

Sin  this  country, 
^opting  the  same  mode  of  comparison  as  that  pursued  in  the 
Jng  d^-'pai-tmLint,  we  have  the  following  approximate  results,  also 
aive  of  smiths,  fitters,  &c,;^ 


G«n»ftnMUl. 

Kngiisb  Wlh 

Deli vering  uiuU'riiilB , 

2*13 

534 

Eijpiue  men  and  ttre  men 

4m 

500 

FiiritJici*  mtfu 

16*40 

mm 

Filing  iron,  roller,  nml  slieantjcti 

7403 

6050 

SuDilay  labour 

2^ 

850 

.  £100 

£110 

%j  one  oonvei'sant  with  the  subject  will  recognise  the  difficulty  of 
bg  a  perfectly  correct  compariaon  between  any  two  works,  owing 
the  differences  in  which  the  accounts  are  kept.  At  the  puddling 
rlcs  as  well  as  in  the  finishing  mill,  the  item  of  ''sundry  labour'*  is 
ch  higher  in  the  English  than  in  the  German  eatablishmeni.  This 
abably  due  to  tlie  greater  amount  of  help  afforded  to  the  piece 
in  the  former.  It  most  also  be  rememlx*red  that  the  make  in 
^lisli  plate  mill  being  one-half  more  than  in  the  German,  an 
in  point  of  economy  in  labour  is  the  natural  conse^^iiaence* 
ae  German  mill  been  conducted  on  tlie  same  footing  as  the 
](  18  not  unlikely  that  the  difference  in  its  favour  would  have 
id  10  per  cent.,  making  the  entire  excess  against  the  English 

irer  2U  per  cent,  instead  of  10  per  cent. 
fiay  be  mentioned  in  conclusion  that  the  average  pay  of  the 
f  Btiiff  in  the  German  mill  is  iJs.  Bid.  per  shift  in  the  f>uddling 
ad  8a.  fid.  in  the  plate  mill,  which  is  considerably  below  that 
ing  in  England. 

wwB  endeavoured  to  pursue  the  inquiry  xm  to  the  comparative 

labour  in  the  manufacture  of  malleable  iron  in  Enghmd  and 

tiy.     This  J  have  dune  by  dissecting  the  information  i  possess 
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80  as  to  obtain  the  number  of  men  employed  along  with  tin 
they  receive.  The  English  mill  it  should  be  observed  enjoys  i 
vantage  of  being  on  a  much  larger  scale  than  the  German  oi 
which  it  is  compared,  inasmuch  as  it  produces  exactly  three  tii 
weight  of  plates  made  by  the  other  in  a  given  time. 

The  money  paid  on  each  shift  at  the  two  places  was  as  folic 


No.  of 
Men. 

Enolihh  Mill. 

No.  of 
Men. 

Germax  atiL 

Wages. 
£      8.      d. 

Average 

per  Day. 

a.    tL 

Wa«w. 
£    11.    iL 

Enginemen  2,  and  2  bo.va. . 

.     4 

0  13 

0 

3    3     . 

..     2 

0     4    9 

Boilermen 

2 

0     0 

0 

4    6     . 

..     2 

0     5^ 

Wheelers  of  coal 

.     4 

0  18 

0 

4    6     . 

..     2 

0     4    7 

Cnttmgpuddledt>ars,  wheel 

.- 

ing,  and  piling 

.     9 

2     1) 

6 

3     3|  . 

..     9 

14    6^ 

12 

2     0 

6 

3  ^ . 

..     6 

0  15    4i 

Fumacemen          

.  11 

6     1 

0 

10     1     . 

..     9 

1  15    3^ 

Men  at  rolls,  etc 

.  16 

8  11 

0 

10    8i  . 

..  22 

4     2    U 

Shearing  finished  iron     ... 

.  10 

6    5 

0 

12    6     . 

..  11 

2  12    li 

Sundry  labour       

.     4 
72 

0  12 

0 

3    0     . 
7    9^ 

..     3 
66 

0    5    Si 

27  19 

0 

11     9  Hi 

In  the  examples  before  us  notwithstanding  that  the  average 
ings  of  the  English  workmen  are  somewhat  more  than  double  ti 
the  German,  yet  owing  to  the  greater  power  of  the  English  m 
its  consequent  larger  production  already  mentioned,  the  total 
labour  for  the  items  enumerated  is  actually  25  per  cent,  higher 
Grerman  work  than  in  the  other.  The  moment,  however, 
foreign  mill  is  established  on  a  similar  footing  as  its  Englisl 
petitor  it  is  most  likely  that  the  greater  economy  of  producti< 
lie  with  the  former. 

I  have  dwelt  at  some  length  on  circumstances  which  te 
increase  the  cost  of  manufactured  iron  in  the  United  Kingdoi 
cause  undoubtedly  it  is  by  reason  of  the  cheap  production  affon 
cheaper  labour  that  Belgium  is  able  to  send  girders  and  other 
of  malleable  iron  into  our  country.  It  will  be  a  more  serious  i 
if  our  trade  in  ship-plates  should  be  interfered  with  by  the 
cause;  for  then,  with  more  economical  labour  in  the  shipyards il 
it  might  easily  1\a\N\)en  that  we  might  lose  that  supremacy  i 
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Lruction  of  iron  xesaels  which  we  at  preacnt  enjoy*    Are  there* 

uo  8igU8  uf  thij4  state  of  thiiif^  visible  at  the  preacnt  moment  ? 

foreig^n  countries  are  progressing  in  building  ships  from  iion  of 

own  mamifiictui*e,  and  we  hear  of  others  importing  plates  i«f 

iish  make  for  shipyards  where  iron  is  dearer  but  labour  is  cheaper 

the  present  rates  ruling  in  tlie  United  Kingdom. 

BESSEMER  STEEL. 

Phe  mannfacture  of  Bessemer  steel  is,  eomparBtively  speaking,  so 
at  an  invention  that  almost  every  year  brings  some  improvement  in 
lapphances  tised  in  its  production.  The  extent  to  which  these 
1  Ihien  introduced  of  course  materially  affects  the  coat  of  labcmr  on 
on  (»f  steel. 

respect  to  the  individual  earnings  of  the  workmen,  although  the 

paid  in  the  United  Kingdom  are  much  higher  than  those  of  the 

inent  of  Europe,  the  very  great  differences  noticed  as  existing  in 

lin  items  between  British  and  foreign  muUeable  iron  works,  iwr 

t  not  to  l>e  found  in  the  manufacture  of  Bessemer  sleel. 

I  examples  of  this  I  append  the  following  extracts  from  menio* 

^Jakcn  in  the  years  187i)  and  1880 :— 


Converter  men 

Great  Britnlu. 

B,      ±                 *•.        d 

5  10          — 

Cr«niiw>j, 
»u     d.       Ik     d. 
3     nto3     7i 

Men  lu  ingot  [lit 

4    7!  to  5    1 

2  7  ..  a  2 

LiMlle  ineii 

4    1     ,,    4    8 

2  11  „  3     2i 

Panmce  men  in  rail  mill 

6    2.,    n    il 

4    2        — 

Roller* 

9    0    ,,  ll>  10 

5    8  „  8    7 

Bowghers        

7    5     „    7    7 

3  10  „  7    8 

Cold  straigUteucr!^ 

5    4i  ,,      - 

4    0        — 

dug  approximately,  there  seems  ti  be  a  difference  of  5o  per 
against  tlie  British  manufacturer  in  the  herns  just  given. 
,  have  had  communicated  to  me,  in  great  detail,  the  particukirs  uf 
I  paid  in  two  steel-rail  works.  The  one  is  in  England,  making 
,  double  the  quantity  of  ing*>t>i  of  the  other,  which  is  in  Germany. 
Iweight  of  rails  per  shift  was  about  the  siirae  in  each  case.  The 
(IIS  items  have  been  divided  under  the  heads  given  below,  in 
'  to  compaR'.  the  average  daily  eaniings  at  the  two  places.  At 
[this  pig  iron  was  remclted  for  the  converters.^ 

*  In  hr,i\i  ca*e^  the  co8t  of  delivering  the  luftteruds  i*  omitted. 
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Avenge  Wajce.        ATcnge  waae. 
Converters: —  b.    d.  b.   d. 

Cupola  men     6    2^  ...  2    8 

Men  at  converters  and  ladles  ...  7    0|  ...  2  11} 

„    ingot  moulds      5    8}  ...  2  10 

Engine  men 6    7  ...  2    7 

Repairs^etc 4  10}  ...  2    6i 

Sundry  labour  4    6|  ...  2    Oi 

Average  of  staff  at  converters        6    2}      ...        2    8 

SailMiU:— 

Men  and  boys  at  furnaces    5  10^  ...  3  10 

Head  roller      23    2  ...  8    7 

Charging    furnaces,    bogeying,    and 

rolling      7    7i  ...  3    7 

Hot  rail  sawyers        6    8^  ...  2    6 

Cold  straightening 3  10}  ...  2  10} 

Engine  men 5    6  ...  2  10 

Repairs  6    li  ...  2    8 

Sundry  labour  3    2|  ...  2    8} 

Average  of  staff  at  mill       ...        6    3}       ...        3    3 

The  information  from  which  these  calculations  are  compiled  w« 
given  me  in  detail  and  in  writing.  I  have  thus  been  enabled  to  ood 
pute  the  relative  cost  at  the  two  places  referred  to. 

At  the  converters  the  relative  amount  of  work  performed  per  ma 
engaged  and  its  cost  are  as  follows: — 

Converters: —  England.       Gerato}. 


Work  performed  per  man,  England  taken 

as  unity 

...     100 

.    8117 

Cost  of  ingots  for  the  items  named     ,, 

>? 

...     100     . 

..    63^ 

Average  daily  earninj^s                        „ 

». 

...     100     . 

.    43rH 

Sail  Mill:— 

Work  performed  per  man                    „ 

„ 

...     100     . 

..  100- 

Co8t  of  rails  for  the  items  named        „ 

„ 

..     100     . 

..    8611 

Average  daily  earnings                         ,. 

>» 

...     100     . 

..    6118 

As  a  proof  how  the  wages  of  the  men  are  affected  by  the  vidaatadi 
of  trade  in  Germany,  there  is  given  below  the  daily  earnings  of  varioc 
branches  of  labour  in  a  German  steel  rail  mill,  beginning  with  the  J> 
of  high  prices — 1878 : — 
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tkeater.. 


tSTZ. 

98 
631 

61 

ktirefftaff 
rnulniill    61 


I  farther  illustration  of  the  fact  just  n^feiTed  to  I  annex  the 
fe  daily  euruings,  over  a  period  of  ten  years,  of  another  establish- 
in  Germany.  These  embrace  the  men  engaged  at  the  converters 
jlling  mill : — 


1010 

1010 

68 

63} 

mi 

45 

62 


1875. 
5  8^ 

56J 

34 
36 

50 


65i 
65 

31 


58| 
58 

e3i 

311i 
2  8| 


1878. 

58 

511 

511 

43 

31 

2  61 


1879. 
4,8 
4/5i 

4/»l 

35} 
2/U 

2,11J 


5»7 


isax 

411] 
44i 

351 
3/5 

3  0J 
210} 


361        3;2|        4U      3  65        3  7| 


UTD. 

1B71. 

1872. 

1S73L 

1871 

lire. 

187«. 

inn. 

im. 

231 

210J 

37 

4  0i 

3/8i 

3  3 

31i 

3/1 

30i 

have  given  these  German  rates  of  wages  at  some  length,  because 
i-om  that  quarter  that  the  Eritish  raiNinaker  meets  his  most 
lable  competitors. 

i  Wales  the  avemge  earnings  of  the  higher  classed  men  at  the 
toer  converters  will  ran  from  8Us.  to  4:is.  per  week.  In  Germany 
re  very  little  more  than  the  half  of  this,  the  highest  being  20s.  and 
[  18»*  The  average  of  all  the  men  timployed  in  Wales  at  and 
the  Bessemer  pits  is  about  Ss»  7d.  per  day,  as  against  26.  Od.  in 
my,  or  a  difference  of  33  per  cent,  against  the  former.  When 
rer  the  actual  money  paid  for  labour  in  each  comes  to  be  comjiared, 
Imber  of  men  is  so  much  greater  abroad  than  in  England,  being 
f  double,  that  the  actual  cost  for  workmanship,  per  ton  of  pro- 
[n  the  Welsti  works,  is  about  22J  per  cent,  only  above  that  in 
my. 

ace  the  tbregoing  comparisons  were  made,  very  considerable  im- 
ments  have  been  introduced  into  the  recently  constructed  rjiil 
in  England.  One  of  the  latest  consists  of  three  powerfiil  direct- 
engines,  each  driving  one  pair  of  rolls  only.  The  hot  ingot  is 
It  to  the  cogging  mill,  from  whicli,  by  means  of  a  series  of  rollers 
L  by  steam  power,  it  is  conveyed  direct  to  the  roughing  rolls,  and 
iiese  in  like  manner  to  the  finishing  mill.  After  the  operation 
is  completed,  a  third  set  of  rollers  passes  the  rail  on  t^  iUst 
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saws,  from  which  it  is  removed  by  mechanical  agency,  in  whicb 
however  there  is  nothing  very  novel.  In  this  way  an  ingot,  a  ton 
weight  or  more,  is  reduced  to  100  feet  of  finished  railway  bar  and  cat 
to  length  in  4^  minutes.  The  work  is  performed  with  such  rapidity 
that  the  mere  act  of  compression  on  the  steel  is  a  source  of  con- 
siderable heat  so  that  the  rail  when  completed  is  almost  as  hot  as  the 
ingot  was  when  it  first  entered  the  cogging  rolls. 


RBcrnoK  xriu — laboue  m  the  ximrED  states  of  aherica. 
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SECTION  XVIL 


fON  LABOUK  IN  THE  UNITED  STATES  OF  AMERICA. 

the  preceding  section,  devoted  to  a  conipariaon  of  the  conditions 

cost  of  lalx)ur  in  Great  Britain  nm\  in  certain  foreij^n  nittions, 

tie  referenee  haa  been  made  to  the  United  States  of  AmericiL    They 

jmrpofiely  omitted^  nofcwitlistandiog  the  fact  that  in  the  unnnal 

itiiy  of  eoal  and  iron  produced  the  Union  stands  second  only  to 

It  Britain,     It  liaa  been  thonght  exi}edient  to  adojit  an  arran.icc- 

it  which  assig^DS  a  separate  section  to  the  North  Amencan  Conti- 

t,  owing  to  the  imptjrtant  differences  in  the  circumstaDces  which 

Dnnd  the  (|ne8tion  in  the  opposite  hemispheres, 

In  Section  XIV.  it  has  l>een  assumed  that  the  price  at  which 

labour  can  \h\  supplied  is  more  or  less  dependent  on  the  terras  at 

which  tlie  necessaries  of  life  can  be  procured ;  and  certainly,  bo  far  as 

jman  agency  is  required  in  the  production  of  such  necessaries  them- 

jlves,  mma  connection  between  their  price  and  the  rate  of  wages  ap- 

irs  to  have  obtained,  at  all  events  in  former  times,  in  the  old  world. 

In  the  Western  States  of  the  Union,  the  extent  of  land  is  so 

^ineOBe,  as  compared  with  the  pctpulaiion,  that  the  element  of  rent 

;  the  cost  of  growing  agncultnral  prodnee  may  be  regarded  as  almost 

It  is  widely  different  in  Europe,  where  denser  {wpulittions  have 

brcLsed  a  ccurespondin^  influence  on  the  value  of  land,  by  the 

eater  demand  there  exists  for  its  prodncta. 

After  the  elimination  of  the  item  of  rent  it  is  extremely  difficult  to 

any  \'ery  SiUisfuctory  estimate  of  the  comparative  cost  of  food, 

!  it  is  produced  in  the  United  States  and  in  Em-oi)e*     This  difhcnlty 

tvom  the  totally  different  nature  of  the  conditions  under  which 

cultivation  of  the  sctil  is  pursued  in  the  two  continents.     In  the 

test-ern  States,  prairie  lands  are  broken  up  and  continue  to  grow  whea.t 
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year  after  year,  the  produce  after  a  few  years  gradually  diminishing  in 
quantity  until  the  average  per  acre  is  only  about  one-half  that  in  the 
United  Kingdom.  According  to  information  given  me  in  1882  bj 
Mr.  Welch,  the  President  of  Iowa  College  of  Agriculture  at  Ames, 
six  or  seven  men  are  employed  on  a  farm  of  1,000  acres  of  wheat  land. 
They  are  retained  from  April  to  December,  during  which  time  they 
receive  Ss.  2^.  per  day,  which,  with  board  and  lodging,  is  equal  to 
about  4s.  2d.  About  half  of  this  staflF  remain  the  year  round  to  look 
after  the  horses  and  other  work  on  the  place.  No  manure  whatever 
is  purchased,  so  that  any  laid  on  the  land  is  confined  to  what  is  pro- 
duced by  the  horses  employed  on  the  faim  or  by  a  cow  or  two.  Upon 
land  so  worked,  with  a  produce  of  about  20  bushels  per  acre,  wheat 
can  be  put  into  the  granaiy  on  the  farm  at  Is.  0^.  to  Is.  Sd.  per 
bushel.  Another  estimate  brought  the  cost  to  Is.  4^.  including  taxes 
and  interest  on  purchase  of  land. 

Upon  large  farms  the  machinery  employed  is  of  the  most  improved 
type,  and  in  ordinary  seasons  the  pursuit  of  agriculture  is  a  very 
lucrative  one.  The  profits  of  one  consisting  of  6,000  acres,  growing 
different  kinds  of  grain  were  spoken  of  as  reaching  £9,375  per 
annum. 

To  this  information  I  would  add  the  results  of  my  own  enquiries 
when  in  the  United  States. 

A  banker  of  St.  Petersburg  in  Illinois  gave  me  the  following  par- 
ticulars of  his  own  farming  in  1874.  He  is  the  proprietor  of  10,000 
acres  of  land,  which  he  purchased  at  the  rate  of  £11  per  acre,  and 
of  it  he  retains  1,000  in  his  own  hands.  He  pays  his  labourers, 
chiefly  immigrants  recently  arrived,  17s.  6d.  per  week  and  their  board, 
equal  altogether  probably  to  30s.  Female  domestics  have  lis.  3d.  per 
week  and  board.  He  spoke  in  disparaging  terms  of  native  American 
labour,  and  even  the  fresh  importations  from  Europe  only  continue  to 
satisfy  him  in  point  of  efficiency  for  about  three  years.  His  average 
produce  for  thirty-five  years  has  been  71  bushels  of  Indian  com  per 
acre,  weighing  56  lbs.  per  bushel ;  of  wheat  he  does  not  exoeed  15 
bushels. 

A  gentleman  from  West  Minnesota  informed  me  that  the  £Eum^ 
paid  about  5s.  9d.  per  day  in  harvest  time,  and  that  the  land  can  be 
bought  there  at  8s.  6d.  per  acre,  which  for  some  years  yields  from  SO 
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80  busiielg  per  acre,  weighing  (»o  Ibe.  {.ler  bushel,  after  which  it  Mk 
off  considerably.     In  spite  of  the  high  price  of  labour,  the  actual 
wmt  for  this  item  is  prolmbly  even  less  than  with  ns,  although  in  Eng- 
tid  it  is  little  mom  than  half  the  price  paid  in  Minnesota,     On  a 
arm  growing  nothing  but  wheat,  a  force  of  men  at  ploughing  and 
d  time,  with  a  second  force  tn  harvest,  constitute  the  chief  cost 
3r  wages.    The  heads  of  com,  when  ripe,  are  pulled  off,  and  the 
traw  is  burnt ;  after  which  the  land  is  ploughed  and  sown  as  long  ns 
will  beai'  a  ci*op  worth  the  ex|)ense  of  cultivation.      With  a  price  of 
3g,  per  quarter,  free  on  the  railroad,  they  expi-ess  themselves  abun- 
dantly satisfied. 

^^  I  w^as  informed  that  in  Colorado  good  laud  could  be  purchaBed  tor 
Hfe.  6d.  Ui  15s.  per  acre,  ac*cording  to  the  distance  from  the  railway. 
^B*ann  labourers  get  £5  12s.  6d.  per  month,  and  their  board.  The  scul 
^immediately  after  being  broken  up  produces  2^)  bushels,  but  this  gra- 
dually falls  off,  so  that  in  twelve  or  fifteen  yeai-s  it  has  sunk  to  12  bushels  i 
after  which  the  location  is  deserted  and  other  land  is  purchased. 

Upon  the  occasion  of  my  first  visit  to  Cleveliind  City,  Ohio  (1874), 
leading  banker  of  that  place  had  just  returned  from  the  Red  River; 
liid  he  stated  that  prairie  land  in  that  country  could  be  purchased  for 
[prices  varying  from  lis.  to  34s.  per  acre,  which  for  some  years  after 
aing  ploughed  up  yielded  4G  bushels  of  wheat  jxt  acre.     The  Reil 
liver  is  almit  150  miles  from  Dnluth  on  Lake  Superior,  where  the 
iin  is  shipped  cUrect  for  Buffalo  on  Lake  Erie,  and  forwai*ded  thenoe 
by  rail  to  New  York  City. 

Mr.  Clare  Seweil  Read,  and  Mr.  Pcll»  who  reoently  visited  the 
I'heat-growlng  districts  of  America,  as  naembers  of  a  Royal  Commis- 
bion,  report  to  our  government  that  the  total  cost  of  labour  in  some 
iistricta,  including  boai*d,  was  only  3s,  7d,  per  day ;  fi'om  which  they 
timated  that  wheat  could  be  delivered  at  the  iocai  depots  at  28s.  per 
|uiurter,  and  this  estimate  is  based  on  the  yield  being  only  13  bushels 
er  acre. 

According  to  the  autliority  just  quoted*  the  cost  of  sending  a 
quarter  of  wheat  by  the  lakes  to  Chicago,  thence  by  rail  to  Kew  York, 
ad  by  steamer  thenoe  to  Liverpool,  is  19b.  Did. ;  which,  added  to  the 
oat  price,  brings  up  tlie  total  charge  to  about  47s,  l*|d. 
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Although  the  cost  of  transport  from  Chicago  to  Liverpool  is  about 
10s.,  or  13s.  including  charges,  per  quarter,  Messrs.  Bead  and  Pell 
mention  tlic  fact  that,  owing  to  speculation  and  other  causes,  wheat  is 
sometimes  as  cheap  at  the  latter  city  as  at  Chicago.  This  however, 
I  imagine,  can  only  be  under  exceptional  circumstances  and  possibly 
of  rare  occurrence. 

According  to  information  received  at  West  Hartlepool,  the  cost  of 
bringing  wheat  from  the  Western  States  to  the  seaboard  varies  from  6s. 
to  8s.  per  quarter,  and  the  cost  thence  to  West  Hartlepool  is  6s.  From 
another  source  of  information  I  learn  that  ships  have  recently  been 
constructed  which  can  bring  it  to  England  at  a  profit  at  4s.  3d.  Cattle 
can  be  conveyed  in  summer  at  508.  and  sheep  at  Is.  per  head;  but, 
owing  to  increased  insurance,  the  freight  in  the  winter  months  on 
these  descriptions  of  live  stock  is  110s.  and  8s.  respectively. 

It  is  however  impossible  with  us  to  apply,  the  factor  of  rent  or  indeed 
any  other  factors  which  enter  into  the  cost  of  farming,  to  the  exclusive 
production  of  any  particular  description  of  crop.  This  arises  Jrora 
the  circumstances  that  the  soil  and  climate  of  the  United  Kingdom 
do  not  admit  of  any  one  kind  of  grain  being  grown  continuously  upon 
the  same  breadth  of  ground.  The  ability  therefore  of  the  farmer  to 
sell  wheat  at  any  particular  price  depends  to  some  extent  not  only  on 
the  money  he  obtains  for  wheat  but  also  that  commanded  by  oats, 
barley,  etc. 

In  order  to  ascertain  the  proportion  which  rent  bears  generally  to 
the  cost  of  raising  farm  produce  in  the  United  Kingdom,  my  friend 
Mr.  Thomas  Gow,  a  great  authority  on  farming  science  and  practice  in 
Northumberland,  kindly  prepared  for  me  the  following  statements.  He 
assumed  that  £22,500  had  been  paid  for  a  farm  of  500  acres  the  reiic 
of  which  was  30s.  per  acre.  This  return,  viz.,  £750  per  annum,  he 
calculates  will  only  leave,  after  paying  outgoings,  2^  per  cent,  on  the 
capital  invested  by  the  landowner,  but  such  has  been  the  desire  to 
possess  a  portion  of  the  limited  territoiy  in  Great  Britain  on  the  part 
of  the  almost  unlimited  number  of  wealthy  persons  in  the  country,  that 
many  are  to  be  found  willing  to  charge  the  food  of  its  inhabitants  with 
this  very  moderate  amount  of  interest  on  the  money  invested  in  ita 
soil. 
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wheat  at  448.,  barley  at  3iis.,  oats  at  26s*,  juid  lieans  at  A2s, 
ttir,  with  cattle  at  their  then  value  (1881),  xiz,,  about  ds,  6d. 
lis  donibtful,  everytliiaj;  takea  into  the  account,  whether  the 
T  woukl  derive  more  than  Imre  intt^rest  on  his  capital  invested 
idertiikiiig.     It  may  be  further  added,  that  the  ioeome  is 
e  supposition  that  the  land  yidda  of  wheat  32,  of  barley  40, 
^,  and  of  beans  B2  bushels  per  inij>enal  acm;  and  valuing  the 
\i  the  pric*ia  already  named,  we  may  ronglily  take  the  inciJine  to 
of  one-fourth  from  Ciich  of  the  descriptions  named.     It  is  trae, 
ate  setting  forth  the  results  of  an  exclusively  corn-growing 
b  of  tillage  appears,  under  the  assumed  circumstances,  to  be  the 
profitable  mode  of  cultivation;  but  Mr*  Gow  doubts  its  remain- 
bowing  to  the  gradual  exhau£tion  of  the  soil,  conBc*(|uent  uiK)n 
ifcure  of  the  fa  no  in  g  operations  it  invt)lve6. 
jon  such  a  fai*m  sis  that  just  referred  to  wlien  oats  sell  at  26s*  per 
BL^beana  at  42s.,  barley  at  32s.,  and  wheat  at  44s.  will  allow 
^Ker  cent*  to  the  farmer  (or  his  capital  employed.     This 
Ira  founded  on  the  farm  of  500  aci'cs  being  almost  exclusively 
d  to  growing  grain*     If  instead  of  this,  150  acres  of  its  area  is 
d  for  grazing  purposes  with  grain  at  the  same  values  as  these 
tven  and  meat  at  98.  Cd.  i>er  stone  the  profit  may  at  first  Ije  a 
ess  than  in  growing  gntin  done. 

jDording  to  an  analysis  of  the  cost  of  tillage  fanning  just  meii- 
)  with  which  Air.  Gow  favoured  mr*,  the  expenses  may  be  thus 


AaTllk«9. 

Le&t  ....       

20*53 

tatps  anil  till e?. 

2-05 

Va^vs 

25-57 

Vagm  for  rei>airs  including  materlAli     ... 

1-78 

laimresj,  etc.               ..          

...       19-03 

WdK 

.,       10-26 

!ori*c  keep                 , 

...       11'83 

Itfprec'ifttion  of  trnplemcntii  ami  horse*    ,.. 

416 

fitprest  on  fifcnner'a  capitiil 

4  79 

ino- 
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Although  waf^es  constitute  75  per  cent,  of  the  cost  of  growing^ 
wheat  in  America,  the  dearer  labour  there  does  not  interfere  with 
cheap  production  to  anything  like  the  extent  it  would  do  in  Eng- 
land, owing  to  the  very  different  circumstances  attending  its  culti- 
vation. Nevertheless,  as  agricultural  labour  has  in  the  previous 
section  been  adopted  as  a  basis  of  comparison  for  other  kinds  of  wages 
I  was  desirous  of  having  ample  information  on  this  point,  and  henoe  I 
applied  in  1879  to  my  friend  Mr.  J.  S.  Weeks,  the  editor  of  the 
"Iron  Age"  published  in  New  York,  who  kindly  obtained  for  me  the 
current  rates  payable  to  farm  servants  in  the  vicinity  of  the  chief  iron- 
making  centres  of  the  States.  The  following  are  some  of  the  results 
of  his  elaborate  enquiries  instituted  in  the  year  1881*: — 

WAOBft. 


Stete. 

District. 

Prerailing 
Industry. 

Per  Day. 

Per  Week. 
Yearly  Serrke. 

s.   d. 

a. 

d. 

XewYork 

Lake  Champlain 

smelting 

12 

6aiid  board 

„ 

Salisbury  region 

Charcoal  Iron 

f3    li  with  board 
14    2  without  board 

15 
26 

7i  with  board 
01  without  boMd 

PumBylYUiift  SohuylkiU  VaUey 

Pig  Iron 

3    Hand  board 

9 

4|tol3/6aiidb(»rf 

♦• 

Lehigh  VaUey 

„ 

3  9  and  board 

17 

4toa6^aQdtMMrf 

„ 

Pittsburg 

Coal  and  iron 

3   1|  to  4/2  and  board 

10 

Sand  board 

,, 

Shenango  Valley 

„ 

2   1  to  3/li  and  bowrd 

10 

Sand  board 

" 

Iron 

2    1  to  3/li  and  board 

Ohio 

Mahoning  VaUey 

Coal  and  iron 

3   7i  and  board 

10 

Sand  board 

,, 

StentonviUe 

„ 

3   U  and  board 

13 

6|aiidboMd 

,. 

Hanglngrock 

,. 

3   liandboard 

Kentucky 

„ 

„ 

3    Uandboard 

a.  d. 

Maine 

Portland  and 

Iron 

4   2  and  board 

10 

Stol2  eaadboirf 

,, 

5   2ito7   Si  and  board 

12 

6tol8   9aiMlbosid 

Virginia 

Pig  iron 

3    Uto4   2  and  board 

8 

4tol0   Saadbotfi 

West  Virginia  Quinniment 

Coal  and  iron 

f2    1  with  board 
13    U  without  board 

8 

4tolO   Sa^bovi 

.. 

Wheeling 

Iron 

2   1|  and  board 

12 

6toSl    OaadboHd 

Tennessee 

Chattanooga 

.. 

2   Uandboard 

{J 

4t«10   Swithbosri. 
6  to  15   7iwitlio«tei 

Indiana 

Oreencastie 

3    U  to  4/2  and  board 

16 

8toS0    lOaadbosri 

nUnois 

Opposite  St.  Louis 

,, 

4    2  and  board 

10 

StolS   6aodlMri 

Wisoonsin 

MiUwaukee  and 
Chicago 

" 

4    2  and  board 

12 

6  and  board 

Michigan 

liake  Superior 

„ 

4   2to5   2iandboard 

27 

01  without  boaid 

In  the  Pittsburg  and  Susquehanna  Valley  districts,  Pennsylrania,  4s.  9d.  per  d«y  and  board  iHi" 
in  harrest  time;  in  StentonTille,  Ohio,  4s.  2d.  and  board;  in  Ohattanooga»  Trmnmiuj,  4i.  9d.  aod  bavi: 
and  in  Ulinois,  opposite  St.  Louis,  lOs.  6d.  and  board. 


■  Board  in  all  these  cases  Including  lodglncs. 


be  ooBfc  of  boai'd  per  week  ia  given  by  my  infonnant  as  follows: — 
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Lake  Ctuunplain     ... 
SolUbary  Region    ... 

Schuylkill  Valley    », 

Lvlitgh  Valley 

Pittsburg 

Shen&D^  Valley     ... 

Mahoning  Valley 

Stentoit  ville 

HangingTock 

SftsqueLanim  

Poithuid^etc.  

MasoMshiiAettA         

Virgnua 
West  Virginia 

L  tutauii(H3ga 

(iretncastle  ,..         ...         

niinois  , 

Millwaukee 

Lttkc  Superior 

fhave  extracted  trom  Dr,  YoiiDg*8  work  on  American  labour  the 
rii^  wages,  paid  to  farai  servants  in  the  United  States  in  1860 

nil— 


u 

6 

to 

16 

8 

10 

5 

»i 

14 

7 

12 

6 

n 

16 

8 

12 

6 

11 

19 

n 

14 

7 

10 

5 

»j 

14 

7 

8 

4 

It 

14 

7 

6 

4 

„ 

12 

6 

5 

H 

If 

9 

ot 

5 

2k 

** 

9 

Oi 

•  2 

« 

»» 

18 

9 

iO 

5 

»t 

12 

6 

10 

5 

if 

16 

8 

7 

H 

'» 

14 

7 

4 

2 

»» 

6 

0 

8 

4 

M 

10 

0 

4 

2 

,f 

6 

3 

^, 

a 

»> 

8 

4 

6 

4 

If 

16 

8 

8 

4 

7 

H 

»♦ 

8 

4 

leeo.    1874 

DoUon. 

1860,     IBT*. 

im,   1874. 

ichusetts  .. 

.  vm    1-50 

Ohio 

..     '89     113 

Michigan     . 

..  DS     1  26 

fork 

.     -89     1*48 

Indiana  , 

..     -96     I'la 

Wucomui   . 

..   ^81     1-5Q 

g-lvanU    . 

.      84    1-13 

Illinois    . 

..  1-02     1-33 

Virginia 

,    fiO       'fi4 

Virpnitt  , 

.      77     103 

He  average  for  1864  is  *87  dollars  =  Sg.  T^d.,  and  that  for 
1'21  dollars  or  58.  0^.,  to  which  has  to  l>e  added  the  cost 
oard. 
beae  fignres  exceed  considerably  those  j^ven  me  by  Mr.  Woeks* 
erage  of  which  is  only  about  8s.  6d.,  board  being  fonnd  in  that 
>  by  the  employer.     If  Dr.  Young's  figures  for  the  two  years 
t,  it  would  appear  that  in  fourteen  years  the  increase  in  cost 
labour,  irrespective  of  differences  of  value  in  the  currency, 

to  38  per  cent. 

tl 
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It  is  no  doubt  quite  true  that  in  districts  remote  from  manuiac- 
turing  industry,  and  where  transport  is  expensive  owing  to  the  abeence 
of  railways  and  rivers,  agricultural  wages  in  the  United  States  may  be 
greatly  under  the  rates  already  quoted.  Thus  on  Big  Eock  Creek 
among  the  Smoky  mountains  in  Carolina  I  found  SOs.  to  87s.  6d.  and 
board  per  month,  the  ordinary  pay  of  a  farm  servant,  which  in  reality 
is  inferior  to  what  is  given  in  some  parts  of  England. 

Dr.  Young,  in  his  list  of  the  retail  prices  of  provisions  in  1872, 
quotes  the  following  rates  for  the  articles  selected  in  the  last  section. 
as  the  means  of  comparing  English  prices  with  those  of  the  Continent 
of  Europe : — 


Flour,  per  barrel 
Beef,  per  lb. 
Mutton  „ 
Lard       „ 
Cheese    „ 
Tea 

Boasted  coffee,  per  lb. 
Brown  sugar       „ 
Potatoes,  per  bushel 
„        per  stone.. 


chuaetts. 
B.      d. 

36   0 

oil 

0  9 

0  9 
010 
311 

1  7 
0   41 
3    5f 
0  7i 


New 
York. 

B.     d. 

31   3 

0   8 

0 

0 

0 

4 

1 

0 

3 

0 


Pennsyl- 

w«t 

ATe*mg«, 

New 

Statoft. 

Grat 

BritaiB. 

Virginia. 

Enfflaad 
states. 

lS7i 

8.      d. 

8.     d. 

8.    d. 

8.      d. 

a.   i 

31    8 

25   6 

3011 

28  8 

330 

0  8i 

0   6 

0    9 

0  7 

0  9} 

0    8 

0   6 

0    8f 

0  7f 

0  8 

0  Si 

0  7i 

0   8i 

0  81 

0  8 

0   9| 

1   0 

0  94 

OlOJ 

0  9 

3   9 

4  2i 

4   24 

311 

2  6 

1   4i 

1   4 

1    4 

1    4* 

1  4 

0   4f 

0  6 

0   6i 

0   6i 

0  4 

4   OJ 

4  OJ 

4   Oi 

310 

- 

0  9 

0  9 

0   9 

0  81 

- 

It  has  to  be  observed  that  the  quotations  for  England  are  for  1871, 
when  wheat  was  selling  for  55s.  8d.  per  quarter,  whereas  the  Americm 
prices  are  for  1872  when  wheat  however  was  only  Is.  4d.  dearer.  With 
this  correctfon,  and  with  the  other  prices  before  us,  it  is  not  too  much  to 
say  that  although  the  United  Kingdom  draws  so  large  an  amount  of  tar 
grain  from  the  United  States,  the  former,  miller,  and  retailer  there, 
manage  among  them  to  obtain  almost  as  high  prices  fixun  the  oon* 
sumers  in  their  own  country  as  they  obtain  delivered  on  our  shorei: 
in  other  words  they  appear  to  divide  the  cost  of  transport  as  pwft 
among  themselves. 

Dr.  Young's  quotations  for  England  (Huddersfield)  are  sligbdf 
different  from  mine,  and  are  as  follows  :• 


Wheat 

Flour. 

Per  barrel 

Beef. 

Per  lb. 

Matton. 
Per  lb. 

Lard. 
Per  lb. 

CheeM. 
Per  lb. 

Tea. 
Per  lb. 

P«rlk 

BMN 

IS 

8.       d. 

35     9 

d. 
10 

d. 
10 

d.      d. 
6  to  9 

d.        d. 
6  to  10 

t.     d.       ■.     d. 
2    8to3     4 

a.    d. 
1     S 

i  1 
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In  realitj,  t»ver  the  whole  of  the  articles  referred  t^>,  the  difibrencc 
collectively  k  not  u  coiisidei-able  one,  and  the  results  exhibit  a  much 
aniiUer  margin  than  might  have  been  expected  in  favour  of  the 
lalKntring  classes  in  America,  a  country  upon  which  British  workmen 
ai'e  so  largely  dependcjit  for  a  LTcat  part  of  the  enumerated  items. 

Before  leaving  Dr,  Youug  s  figures,  I  select  from  examples  he  gives 
fiome  of  the  lowest  cases  of  the  expenditures  of  working  men's  families. 


Connecticut. 
8Ad(Ut4-3ChiMmi. 

Bo  Bethlebenx  Pa. 
•iAaua*-3  0h«dr«a. 

£ 

*.     tL 

£    •,     d. 

Flour  iuid  bread... 

0 

4     0 

0    3    61 

Butter  md  cbrese 

0 

2    7i 

0  1  loi 

M«ftt.  l)acoii,  and  lard    . . . 

0 

2    41 

0    2     1 

Fisli  and  ejjfgs      .,. 

0 

2    9i 

0    13) 

Vt>getable« 

0 

2    0 

0     2     1 

Milk         

0 

I     Bi 

0     10 

Grocerif*,  iiidwdirig  noiip,  etc. 

0 

2  111 

0    6  10 

Clothing 

0 

8    Oi 

0     3  11 

Tobacco,  beer,  etc. 

0 

0    2 

— — 

School,  relij^on,  etc. 

0 

0    6 

0     4     2 

Houm.*  rt'iit 

0 

H  10 

0  10     5 

Fire  and  lighting 

0 

6     I 

0     5     0 

T^es 

0 

0    3i 

0     0     2 

£2 

2    Oi 

£2     2     44 

Weekly  earnings 

..      £2 

3    9 

£2  10    0 

It  will  be  recollected  tlmfc  the  expense  in  (icrmany,  for  famili«3s 
lar*rer  in  point  of  numbers  than  those  described  by  Dr.  Young,  varied 
from  128.  6d.  to  about  Ms.  tVd.,  and  in  England  from  13s.  to  18s.  9d. 
for  provisions  alone.  The  only  two  resembling  these  which  I  have 
beeio  able  to  select  from  Dr.  Young's  numerous  list»  are  the  two  just 
mentioned;  in  which  not  only  are  the  expenses  generally  hea^-ier  than 
those  of  families  in  Europe,  which  probably  proceeds  from  a  more 
liberal  table  being  kept,  but  items  which  might  have  been  expected 
lower  in  America  are  fully  as  high  or  higher  than  in  those  countries 
which  are  largely  supplied  from  the  western  hemiBphere. 

I  ghall  now  give  some  of  the  results  of  my  own  enquiries,  during 
mj  visits  to  the  United  States  iu  1874  and  187C,  od  the  general  ques- 
tions of  cost  of  living  and  price  of  labour. 


1873. 
s.     d. 
9  11 

1874. 
«.     d. 
7     2 

4   8 

7    6 

6  10 

6   9 

7    0 

6    6 

5   5 

8    7 

7    0 

6   4i 

18    0 

12    0 

9  0 

12  10 

11    7 

8   8 

12    0 

11    0 

9   6 

7    4i 

6    9 

5   9 
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In  1874  the  prices  of  iron  in  Great  Britain  were  considCTably 
lower  than  they  had  been  in  the  years  1872  and  1878.  Scotch  pig 
iron  had  fallen  from  an  average  of  117s.  3d.  to  87b.  Gd.,  and  Cleveland 
ftt)m  108s.  9d.  to  74s.  6d. 

The  following  list  contains  the  prices  of  different  kinds  of  labour 
connected  with  iron-making  at  the  two  different  periods : — 

Scotch  coal  hewers,  per  daj        

Durham        „  „      with  house  and  coal 

Cleyeland  ironstone  miners  

Puddling:— South  Wales,  per  ton  of  2,400  lbs.  ... 

,,  Staffordshire        „  „ 

„  Cleveland  „  „ 

Blast  furnace  keepers        

„  slagmen       

In  America  prices  had  also  declined  after  1878,  bnt  the  men  were 
still  earning  high  wages,  although  there  had  been  a  general  rednctioQ 
in  the  prices  of  labour.  The  scale  paid  in  different  localities  was 
however  so  dissimilar,  that  the  simplest  plan  in  dealing  with  the 
question  will  be  to  take  each  district  separately. 

Upon  the  occasion  of  my  visit  in  1874  to  Lake  Champlain,  I  learnt^ 
as  might  have  been  expected,  that  the  high  wages  paid  in  the  mines 
and  ironworks  had  also  affected  the  hire  of  agricultural  labour.  The 
farmers  were  paying  18s.  lOjd.  per  week,  which,  added  to  the  cost  of 
board,  brought  up  the  total  to  £1  lOs.  2d.  per  week,  or  58.  per  daj. 
A  miner  who,  out  of  a  pay  of  7s.  6d.  to  8s.  6d.  per  day,  had  saved 
£800,  and  then  commenced  fanning,  assured  me,  that  a  man  oonld 
then  (1874)  dress  himself  respectably  for  2s.  9d.  to  8s.  7d.  per  week; 
and  this  was  confirmed  by  a  draper  of  Burlington.  This,  with  board, 
would  come  to  17s.  4d.  per  week,  so  that  for  personal  expenses,  includiD^ 
amusements,  etc.,  258.  were  ample. 

Provisions  at  that  time  were  to  be  had  at  the  following  rates  on 
Lake  Champlain: — 

t.    d. 
Batcher  meat,  best      0    8|perlb. 

„  „     inferior  ...       4^  to  0  6^     „ 

Butter 1  8i      „ 

Bacon 0  6^      „ 

Flonr  (workmen's)      1  7   per  stone. 


%  Cleveland  City,  Ohio,  the  following  prices  were  given  me: — 
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Butcher  meat,  best 

0    ftfperlb. 

Flour  (workmen's) 

1    Hi     u    «t<JDC. 

Clothes  (w-orking) 

75    6     ,»   •uit. 

8hoe«      

66.  7d.  and  9    5      „   pAir. 

Hoaae  rent 

37a.  9d.  tt>  75    5      ,,    laoutli 

House  ooftl 

.,,     178.  to  18  10     ,,   ton. 

n  the  Shenango  Valley,  house  rents  varied  from  11b.  Cd.  to  19s, 
fcionth  at  the  ironworks,  and  house  coal  from  Us,  3d.  to  12s.  JJd. 
pn.    Butcher  meat  ranged  in  1874  from  3^,  to  Bd.,  that  us^^d  by 
rorkers  being  5jd.;  pork  was  5jd.,  and  flour  Is.  lOd.  per  stoue. 
prenty-five  years  previously  the  prices  in  these  ItKsalities  were 

exactly  half  of  the  above.     At  Young's  Town,  Ohio,  a  work- 
[who  in  the  North  of  England  was  earning  70s,  per  week,  assured 

could  live  better  ou  that  income  at  home  than  on  84s.  in 

With  the  exception  of  clothing,  house  rent,  and  firing,  I  saw 

however  to  justify  the  complaint;  for  he  admitted  that  he  was 

meat  at  6d.  per  lb.,  and  fiour  at  Is.  9d.  per  stone.  The  price 
atoes  was  given  me  at  28.  3d.  per  bushel  or  4^.  per  stone;  apples 
^6.  3d.  per  bushel,  peaches  3s.  9d.,  oats  2s.  Id.,  Indian  com  Ss. 

the  other  hand,  a  shingler  working  at  Pittsburg,  and  eanimg 
|.  per  day,  considered  that  he  was  decidedly  better  off  in  America 
Sn  England,  so  far  as  cost  of  living  was  concerned* 
k  West  Virginia,  in  1874,  miners  were  paying  Hjd,  for  the  meat 
JDonsumed,  2s,  3^.  per  stone  for  flour,  and  Ss.  9d.  per  week  for 
[  rent, 

i  the  same  State  the  owners  supplied  their  men,  in  case  the  tatter 
tao  to  ded,  with  the  necessaries  of  life,  at  the  following  prices: — 


B«icoii    ... 

„      thoulders 

Coffee     

Flour 

Sug&r     ... 
MobAtes... 

Urd      

Clotliefl  (Sundny) 

„       (w^orking) 
Slioei      


*r 

tL 

0 

7    per  lb. 

0 

ei     „ 

1 

1*      .» 

2 

4    jier  fttone. 

0 

7i  1M.T  lb. 

2 

8    per  gallon 

0 

8J  per  lb. 

37 

9    permit 

32 

0        „ 

11 

4   per  [mt. 

8. 

d. 

0 

3   per  lb. 

1 

71  per  Btone. 

0 

4}  per  lb. 

62 

6    per  gait 

11 

4   per  week. 

flonr  sold  at  Is.  7d.  per  stone, 
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The  cheapest  provisions,  etc.,  I  met  with  were  at  Oharlestown,  Ohio^ 

where 

Batcher  meat  was  selling  at 

Flour     

Bacon     

Clothes  (including  shoes) 
Board  for  single  men  ... 

At  Ironton^  in  the  same  State, 
butcher  meat  4^.  to  G^d.  per  lb.,  and  honse  rent  was  228.  7|d.  to 
45s.  3d.  per  month,  according  to  accommodation,  the  former  giving 
two  and  the  latter  four  rooms. 

In  Missouri,  at  the  Iron  Mountain  Mines,  I  obtained  the  subjoined 
quotations: — 

8.     d. 
Butcher  meat  2^.  to  0    4^    per  lb. 

Butter  0  lU       », 

Best  bacon 0    7^       „ 

Flonr 2    2    per  stone. 

In  Indiana,  the  following  rates  were  given,  as  showing  the  almost 
incredible  rise  which  had  taken  place  in  the  value  of  articles  of 
domestic  consumption  within  twenty-four  years: — 


Wheat,  per  bushel  of  60  lbs.... 

1850. 
8.    d. 
1    2 

4    1 

Indian  corn     „           56  „  ... 

0    5 

2    2 

Beef,  per  lb 

0    1 

5d.to  0    61 

The  board  and  fare  in  some  of  the  Southern  States  are  very  cheap  and 
very  poor.  Thus  in  Tennessee  I  was  told  a  week's  rations  for  a  work- 
man consisted  of  1  peck  of  meal  Is.,  10  lbs.  of  bacon  at  6^  =  in  all 
68.  5d.,  supplemented  with  some  vegetables  and  molasses. 

Board  for  a  bachelor  is  charged  10s.  6d.,  but  in  Alabama  and 

Georgia  7s.  per  week  is  considered  to  suflSce  for  keeping  a  man.    Flour 

was  selling  at  Is.  lO^d.  per  stone,  bacon  at  5^.  per  lb.,  Indian  com 

8s.  9d.  per  bushel,  suit  of  working  clothes  88s.  to  44s.  8d.,  and  holiday 

suit  56s.  7d.    Upon  another  occasion  the  following  prices  were  given 

me  for  the  same  neighbourhood : — 

■.    d. 
Butcher  meat  0    3^  per  lb. 

Flour 1    7      w    stone. 

House  rent,  2  rooms  and  kitchen    ...      18  11      „    mcmth. 

aothes  4Bs.  to  52    7      „    pernit. 
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Iq  the  city  of  BuUimoi^  as  much  as  18b.  lO^d.  per  week  was  paid 
jy  a  workman  for  board  and  lodging,  but  there  day  lalKiurcrs  an? 
paid  34s.  per  week. 

At  Marquette  on  Lake  Superior  in  1876,  the  following  were  the 

iH  pric^ft  of  provisions: — 


nour*  ordinary 
rt      finest 

Beef       

Bacon     .*. 
ButUr    ... 


8  perstomi, 

7  per  lb. 


My  informant,  an  old  Clarence  ironworks  man,  stated  that  he  paid 
I8s*  lOd,  per  week  for  his  board  and  lodging,  which  was  not  superior 
n  any  way  to  what  he  had  in  Middleshrou^di  for  10s. 

In  the  iron  minin<.,f  region  around  Marquette  the  following  were  the 


Floor  , 

Bacon  . 
Boef  „ 
Batter. 
Pork    , 

Eggs    ^ 


1  7i  per  stone, 
0  0,,  Ik 
7d,  to  0  7i  „  „ 
Olli  H  „ 
O  4g  „  „ 
0    Si    ,»    rlo«. 


t*rmd  the  copper  mines  of  Lake  Superior : — 


Flour,  ordinary 
Board  and  lodg^mg,  about 
Butcher  meat... 
Pork 


■v 

2 

16 
0 
0 


d. 
2 
0 
6i 


per  stone. 
,t  week. 
.     lb. 


Iti  the  year  1874,  wheat  averaged  in  the  North  of  England  55b,  l*d. 
^r  quarter,  and  in  1876  46s,  2d.;  flour  being  28.  1  Jd.  and  la.  9d.  per 

Iie  re8p<?ctively  for  these  two  years. 
In  1878  wheat  stood  in  the  United  Kingdom  at  40s.  5d.  and  Hour 
8.  lOd.  to  Is.  Ud,  per  stone,  so  that  pi*o visions  generally  muy  be 
lidered  as  occupying  an  intermediate  position  between  the  years 
4  and  1876.  On  my  return  from  a  foreign  journey,  in  November, 
JHn  I  made  a  note  of  the  retail  prices  of  provisions,  etc.,  at  Middles- 
iigh,  from  which  the  following  are  extracted. — 
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Flour  ... 
Fresh  meat 
Bacon  ... 
Lard  ... 
Cheese... 
Batter... 


8. 

d. 

1    11 

per  stone. 

6d.  to  0  10 

per  lb. 

5id.   „  0 

6 

ft 

0 

7 

»» 

0 

7 

yi 

1 

3 

it 

0 

9 

per  doz. 

3 

6 

per  lb. 

did.  to  0 

H 

»» 

0 

8 

per  stone. 

3s.  to  4 

0 

per  week. 

Tea*      

Sug^ 

Potatoes  

House  rent     

Coals  98.  lid.,  at  the  usual  rate  of 

consumption  costing      18        „ 

A  comparison  of  these  last  quoted  figures  with  those  which  repre- 
sent the  prices  in  America^  will  satisfy  any  one  that,  so  fisir  as  the  cost 
of  living  is  concerned,  the  ironworkers  in  Pittsburg  and  the  Ldiigb 
Valley  enjoy  little  if  any  advantage  over  those  of  Cleveland  or  Scot- 
land. 

It  may  appear  a  little  strange,  that  while  the  inhabitants  of  the 
United  Kingdom  derive  such  large  supplies  of  human  food  firom  the 
United  States,  the  residents  of  Pittsburg  and  other  large  centres  of 
population  in  the  Union  should  be  paying  almost  as  dearly  for  their 
provisions  as  do  the  people  in  Liverpool  or  Birmingham,  It  most  be 
recollected  however  that  the  com  and  other  agricultural  produce,  con- 
sumed in  American  centres  of  industry  are  saddled,  although  to  i 
lesser  extent  than  we  are,  with  considerable  expenses  for  tranqioit 
from  the  Western  States. 

The  large  imports  of  manufactured  articles  into  the  United  St»tei 
are  a  proof  that  enough  is  not  produced  at  home  to  meet  the  reqniie- 
ments  of  the  large  population.  Every  object  so  imported  has  to  beir 
the  charge  of  transport,  together  with  a  heavy  duty.  As  a  natnrd 
consequence  not  only  is  it  sold  at  a  much  higher  price  than  the  m» 
object  commands  in  the  exporting  country,  but  it  is  this  artificial^ 
raised  value,  which  regulates  the  selling  price  of  what  is  produced  in 
the  Union  itself. 

In  this  way  everything  of  domestic  consumption  and  public  vm  k 
generally  speaking,  dear  in  the  United  States.  I  imagine  it  is  tbii 
which  exercises  a  certain  influence  on  the  expenses  of  the  retafl  tnde 
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i  and  thus  raises  the  price  to  the  coasumer  of  home  grown  produce, 
I  ^though  it  may  be  obtained  oo  Buch  favourable  t^rms,  afl  tu  lie&v 
I  liea\7  tmnsport  expenses  to  Europe,  and  still  be  able  to  meet  the 
I  &rmers  of  the  United  Kingdom  and  the  Continent  of  Ewrope  on  their 
I  own  groimd. 

I  Agricultural  labour  ie,  as  has  been  shown,  unqnegtionablj  higher 
I  in  the  United  States  than  in  Great  Britain;  but  so  far  as  this  element 
I  is  a  factor  in  the  cost  of  food,  it  is  amply  met  by  the  general  low  price 
[of  the  land.  Taking  48,  per  day  m  the  price  of  farm  labour  in  tht^ 
IXJnited  States,  and  38.  as  that  in  the  neighbourhood  of  Middlee- 
IbroDgh,  we  have  the  fonner  figuring  as  3*3  per  cent,  higher  and  some- 
[times  even  more,  than  the  latter. 

I  The  fact  that  the  United  Skifces  can  and  does  send  annually  to  the 
lUnited  Kingdom  abcmt  2;^  millions  of  tons  of  diflerent  kind.^  of  grain 
Land  flonr,  at  a  cost  of  about  12|  per  cent,  of  its  value  for  land  ciuriage, 
kand  a  similar  amount  for  ocean  freight,  is  an  admission  that  thejse  article? 
Lean  be  had  in  America  at  a  cheai)er  rate  than  that  at  which  they  can  he- 
lobtained  in  Europe;  the  actual  price  vaiying  of  coiirae  according  tc^ 
kbe  relative  situation  of  the  points  of  consumption  and  production. 
L  Without  pretending  that  wages  and  the  cost  of  food  have  any 
■leoBBBary  corret^pondenoe,  I  would  draw  attention  to  the  fact  that  in 
m&ie  United  States  the  pay  of  the  veij  class  engaged  in  the  production 
lof  food  for  Europe  has  ]>ecn  shown  to  be  higher  hy  20  per  cent,  or 
leven  more  than  with  us.  This  ceases  to  be  an  anomaly,  when  it  in 
Ireraembered  that  the  United  States  can  only  meet  the  great  strain  on 
I  its  industrial  activity  by  largely  recruiting  it«  labouring  population 
I  from  the  old  world.  To  encourage  immigration,  larger  wages  an- 
Lolfered  than  are  current  on  this  side  of  the  Atlantic ;  and  competition 
Ifor  workmen  appears  to  l>e  further  stimulated  by  a  wish  on  their  part 
I  to  acquire  land,  and  work  for  themselves  instead  of  for  others. 
I  Accepting,  however,  the  wages  paid  to  farm  servants  as  running 
Lsay  33  per  cent,  above  those  paid  for  similar  labour  in  the  iron  dis- 
Itricts  of  the  North  of  England,  it  will  he  found  in  the  sequel  that  the 
learnings  of  those  engaged  in  mines,  ironworks,  and  their  cognate 
I  branches^  in  the  United  States,  as  compared  with  those  of  farm 
I  lalxiurers  generally  show  a  much  greater  difference  than  exists  in  the 
I  old  world  between  these  two  classes  of  wurlonen. 
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The  price  of  labour  in  the  States  themselves,  as  has  already  been 
said,  varies  very  considerably  according  to  locality ;  the  dieapest  being^ 
in  the  Southern  States,  where  slavery  prevailed  until  the  Civil  War. 
The  miserable  diet  upon  which  the  slaves  were  fed  seems  to  have  left 
its  mark  even  to  the  present  day.  I  was  informed  (in  1874)  that  the 
usual  slave  rations  for  a  week  consisted  of  one  peck  of  meal  worth 
4^.,  and  4  lbs.  of  bacon  costing  Is.  l|d.,  equal  therefore  in  all  to  2\L 
per  day.  Some  more  indulgent  masters  allowed  their  people  a  little 
molasses  and  tobacco,  which  might  bring  up  the  expense  to  Is.  lOd.  or 
Is.  lid.  per  week.  They  received  two  suits  of  clothing  in  the  year, 
costing  under  £2  ;  which,  with  medical  attendance,  etc.,  brought  ap 
the  total  annual  cost  of  a  slave  to  his  owner  to  about  £9  or  £10. 
The  houses  or  cabins  were  then,  and  in  many  cases  are  still,  most 
wretched  shelters,  if  buildings  can  be  called  shelters  which  are  full  of 
crevices  admitting  the  light,  and,  fortunately  perhaps,  the  air.  Some 
allowance  of  course  must  be  made,  in  considering  the  amount  of  food 
and  clothing  required,  on  account  of  the  fineness  of  the  climate,  in 
latitudes  32*5  to  35,  therefore  some  1,200  miles  nearer  the  equator 
than  the  chief  mining  districts  of  Great  Britain. 

Notwithstanding  the  recent  date  of  the  abolition  of  slavery,  com- 
mon labourers  in  Alabama  and  Oeoi^ia  were  being  paid  in  1874  a 
paper  dollar  per  day,  equal  to  3s.  9^. ;  and  now  of  course  there  is  a 
considerable  improvement  in  the  mode  of  life  of  the  coloured  popula- 
tion of  these  States,  who  constitute  the  chief  source  of  labour.  Over 
the  Central  and  Northern  States  of  the  American  Union  a  common 
rate  of  pay  to  ordinary  labourers  in  that  year  was  1^  dollar  or  58. 7  Jd. 
per  day.  In  one  case  I  found  the  rate  as  low  as  4s.  S^d.,  viz,  in 
Cleveland  City.  During  the  previous  year,  1878,  from  78,  6d.  to  a» 
high  as  lis.  had  been  paid  in  the  anthracite  coal-fields,  during  the 
(excited  periods  of  the  coal  trade ;  and  at  Marquette  on  Lake  Superior 
8s.  5|d.  was  earned  by  the  ordinary  labourer. 

These  quotations  have  reference  to  the  iron  works  and  their  asKK 
dated  mines ;  for  which  class  of  labour  at  that  time  (1874)  the  uaal 
pay  in  Great  Britain  was  a  trifle  above  4s.  per  day.  It  would  there- 
fore appear  that  in  the  North  of  England  there  was  only  a  difBoence 
of  Is.  per  day  between  the  pay  of  farm  servants  and  ordinary  labouren^ 
in  the  mines  of  that  district.    On  the  other  hand,  aooording  to  Ht. 
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©elvB,  iij27icult11r.il  libour  incladin^  Ivjard  was  paid  at  the  rate  of 
!)B.  (td  \m:v  day  in  the  iron  diatricts,  while  ordinary  laJtourers  iri  the 
in  the  same  vicmifcy  were  receiving  from  Ta.  fJd  to  lis. 
he  anthracite  colliers'  wages  arc  re^^uliit«d,  or  were  so  up  to  187^» 
glidiiip:  scale,  Probuhlj  in  the  whole  history  of  industry  there  is 
more  remarkal)le  instance  of  the  danger  of  cngratling  artificial 
JctionB  on  a  trade,  than  has  accompanied  the  developmeut  of 
racite  mining  in  the  United  States*  In  spite  of  what  burned  out 
the  euormous  extent  of  the  region  containing  this  valual>le 
mineral*  an  attempt  was  made  by  some  half*dozen  corporations  to 
create  a  species  of  monopoly  for  supplying  the  produce  of  the  mines 
e  consumer.  The  power  possessed  by  these  l>odic8  for  controlling 
market  was  of  mi  unusual  character ;  for  they  were  chiefly  the 
ny  companies,  whose  lines  connected  the  coal-fields  with  the  ship- 
ports,  with  the  iron-works,  and  witli  other  importjint  ceuti^s  of 
ramption.  When  private  enterprise,  ontside  these  powerful  corn- 
attempted  to  supply  the  market  on  lower  terms  than  satisfied 
m  boards  of  railway  directors,  the  railway  dues  were  raised  :  on  one 
ion,  I  was  informed,  they  were  quadrupled.  In  a  communication 
le  Iron  and  Steel  Institute,  made  in  1875,  after  my  return  from 
[e  United  States,  I  ventured  to  predict  the  same  fate  for  this  Amoncan 
icombi nation,  as  that  which  l>efel  a  similar  one  in  the  Great  Northern 
gail-field  in  England.  That  i»rediction  has  Ijeen  realised,  to  the 
K|t  embarrassment  of  at  letist  one  great  railway  company,  which  had 
j^ely  overspeculated  in  coal  lands.  Under  the  monopoly  created  by 
ivol  companies  of  railroad  owners,  immense  profits  were  realised  by 
Ksale  of  anthracite  coal ;  fi-esh  capital  was  attracted,  and  additional 
mlicries  were  opened  out.  This  created,  of  course,  a  great  demand 
M  men,  who  naturally  enough  set  an  increased  value  upon  their 
Kfttir,  as  the  demand  for  it  increased.  In  this  way  wages  were  run 
Honti]  a  working  collTer  has  been  known  to  realise  nearly  two  pouutla 
IFhi^  day's  work.  If  the  railway  companies  were  right  in  imposing 
gghibitive  rates  of  caiTiage  on  coal,  the  men  were  at  least  equally 
Kified  in  creating,  as  they  did,  an  artificial  scarcity,  by  a  geneml 
BBtentlon  from  work  of  thirty  days.  The  fact  however  is  that  both 
me  wrong;  and  the  trade  is  now,  I  believe,  left  to  take  care  of  itself ; 
■  the  moment  the  interests  of  the  railway  companies  began  to  con- 
B  mi$r  Sif  as  they  were  certain  to  do  in  an  overstocked  market,  the 
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monopoly  fell  to  pieces.  It  is  needless  to  say  that  many  strikes,  aat 
lasting  six  months^  accompanied  these  excessive  flactoations  indie 
markets;  the  owners  resisting  what  they  regarded  as  extraTagant 
demands  while  prices  rose,  and  the  men  refusing  to  accept  sach  tenu 
as  their  employers  offered  when  prices  fell.  These  conflicts  between 
the  coal  owners  and  their  men  were  unfortunately  the  precorsois  of  a 
much  more  terrible  state  of  things.  A  wide  spread  conspirscy  wu 
organised  in  the  anthracite  coal  districts,  which  aimed  at  nothing 
short  of  murdering  any  man  who  made  himself  conspicuous  in  resist- 
ing the  demands  of  the  workmen.  Not  only  were  those  who  offended 
in  this  respect  marked  by  the  heads  of  this  foul  combination,  but  no 
man's  life  was  safe  who  ventured  to  give  evidence  on  any  trial; » 
that  by  false  sweaiing  on  one  side,  and  fear  to  tell  the  truth  on  the 
other,  conviction  for  some  years  became  impossible.  According  to  tbe 
statement  of  the  counsel,  Mr.  F.  B.  Gowen,  through  whose  perseverance 
the  organisation  was  finally  broken  up,  '^  county  commissioners,  high 
constables,  chiefe  of  police,  candidates  for  associate  judgships,  were 
actually  guilty  of  murdering  those  whom  they  were  from  their  poeitioo 
bound  to  protect."^ 

The  extent  of  the  undue  development  of  the  anthracite  ooal-fiefti 
fostered  as  it  was  by  very  high  prices,  may  be  judged  of  by  the  taMi- 
actions  of  1880;  for  during  this  year  the  collieries  were  actually  idle 
about  one-third  of  their  time. 

To  avoid  interruption  to  work,  always  fraught  with  disastrous  ooo- 
scquences  to  both  sides,  a  sliding  scale  was  adoped  by  one  large  finn* 
which  for  a  week's  work  of  60  hours  afforded  the  following  rates  of 
daily  pay  to  the  various  branches  of  labour  employed : — 

1875.  1876.  1877.  187a  WW.  « 

R.     d.  8.    d.  B.    d.  s.    <L  a.    d.         t-  *> 

Miners       8    9  8    9  7    5i  8  2  8    9       8   1| 

Labourers  belowground...  7  11  7    6  6    9^  6  9  7  11       610 

Driver  men           7  11  7    6  6    9J  6  9  7  11       6  10 

Engine  men          11     2  10    3  10    3  9  4  9    4 

Labourers — avci*age  above- 
ground 7    3  6    3  6    3  6  0  4    2 

Carpenters 10  5^71-10  4  71-10  4  6,3-86  6    8 

Machinists 118  7  4-118  7  4-118  7  4  7    4 

*  Any  one  wishing  for  more  information  respecting  the  conspiraej  entered  i^ 
by  these  anthracite  coal  miners,  under  the  designation  of  "  MoUy  Sf  aqpuR^"  > 
referred  to  the  mo«t  able  and  intrepid  speech  in  the  court  of  Mnse,  of  Ku*.  Go«c» 
through  whose  wAe  \n%tTxwiie\v\siJC\\.^  ^iSafc  coJiv^**  ^r«re  oonviefted. 
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Ihi*  scain  iidopted  was  to  pay  the  mineT-s  50  cents.  (Ig.  lO^d,)  when 

bhracite  was  selling  at  5  paper  dollars  (about  18b.  2d.)  per  ton  at 

York,  with  a  rise  of  12^  cents,  (about  5|d*')  per  ton  for  each 

Jhir  advance  on  the  price.    The  pay  of  all  other  branches  of  labour 

(the  pits  was  regulated  by  the  same  course  of  procedure^  and  this  wag 

pular  so  long  as  the  market  was  a  rising  one,  under  which,  wages  of 

tisans,  etc.,  ranged  from  68.  O^d.  to  78.  6jd,  per  day.    They  were 

erwards  in  consequence  of  their  refusal  to  abide  by  the  sliding  scale, 

^ink  out  tVoni  its  operation  and  their  wages  were  left  to  be  regulated 

the  rates  paid  for  similar  labour  in  other  branches  of  industry, 

iider  this  new  code  their  pay  would  have  amounted  to  from  5s.  7fd. 

68.  Ojd.  per  day;  against  which  they  held  out  for  more  than  six 

bnthfl  and  then  gave  way. 

The  minera*  earnings  just  given,  notwithstanding  that  they  are 

irly  double  those  of  men  of  the  same  class  in  Great  Britain,  do  not 

event  the  anthracite  ami  owner  from  being  able  to  load  hi&  produce 

trucks  at  a  cheaper  cost  than  is  possible  at  any  colliery  I  am  ac- 

ttted  with  in  the.  North  of  Eagland.    It  has  further  to  be  remarked 

the  wages  just  mentioned  do  not  in  point  of  fact  convey  a  con'ect 

of  the  actual  earnings;  for  they  are  calculated  on  an  assumed 

Sght  of  coal  worked,  whereas  in  reality  one-half  more  is  very 

aonly  obtained  by  a  good  man.     When  in  an  anthracite  mine, 

1876,  I  was  informed  that  the  miners  own  earnings  varied  fmm 

5d,  ti*  138.  2d.  per  day,  out  of  which  he  liad  to  pay  for  powder 

oil. 

In  1874,  the  wages  given  me  as  earned  by  a  coal  hewer  in  the 
tiaylkill  region  (anthracite)  varied  fi'om  Ss.  4d.  to  lis.  3d.  per  day 
10  hours;  and  in  the  bituminous  coal  of  Alabama  they  were  fi'om 
7d.  to  7s.  G^d, 

In  the  latter  State,  however,  the  value  of  labour  is  affected  by  the 

adition  of  things  antecedent  to  the  abolition  of  slavery,  as  well  as  by 

employment  of  convicts  in  the  mines.    These  unfortunate  people 

farmed  out  by  the  j>rison  authorities  to  a  contractor,  who  bargains 

fch  the  coal  owner  for  the  produce  of  their  exertions.     At  one 

iery  visited,  I  wa*  informed  that  the  contractor  paid  aliout  £2 

annum  |>er  con\ict,  which,  with  watching  to  prevent  escape. 
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feeding,  clothing,  and  idle  time,  brought  up  his  cost  to  88.  p»  working 
day.  With  this  treatment  thej  were  doing  as  much  work  as  mineis 
from  Wales  who  were  earning  9s.  5d.  per  day. 

In  the  Coimelsville  coking-coal  pits  the  hewers  in  1874  were  re- 
ceiving above  10s.  per  day,  and  at  Charleston  on  the  Ohio  98.  5d.  for 
eight  or  nine  hours'  work.  In  Kentucky  State  at  the  same  date  the 
miners  earned  8s.  Id.  to  9s.  per  shift.  In  1876 1  heard  that  in  ToBcaiu- 
was  the  gross  earnings  of  the  hewers  wei-e  6s.  9id.,  which  after  paying 
for  powder  and  oil  left  5s.  lOd.  net.  In  other  parts  of  Ohio,  vix.,  in 
the  Pittsburg  district,  I  was  informed  that  the  wages  of  miners  had 
been  reduced  88  per  cent,  in  the  two  years  since  1874,  which  left  their 
earnings  at  that  time  5s.  8d.  to  6s.  7d.  per  day. 

At  one  large  ironwork  in  Pennsylvania,  where  the  men  were  paU 
on  a  sliding  scale  determined  by  the  price  of  rails,  the  hewers  cooU 
earn  about  7s.  6d.  in  ten  hours  after  paying  for  powder  and  candleB; 
but  owing  to  slack  trade  their  actual  pay  did  not  mach  exceed  two- 
thirds  of  this  sum. 

In  the  years  1874, 1875,  and  1876  the  rate  paid  to  the  coal-hewen 
in  the  County  of  Durham  was  such  that  they  could  earn  on  an  avenge 
of  the  three  years  6s.  per  day,  besides  free  house  and  iSring,  equal 
therefore  to  about  6s.  8d.  In  the  United  States  the  amount  reoerred 
by  this  class  of  men  varied  from  ?s.  to  18s.  At  the  then  price  of  hm 
labour,  the  collier  in  the  County  of  Durham  could  earn  double  the  pay 
of  the  agriculturalist;  while  in  the  United  States  the  hewer  in  the 
anthi*acite  pits  could  easily  make  four  times  as  much  as  the  fam 
servant.^ 

At  the  same  time  while  the  hours  of  pit  work  in  America  weic 
nearly  the  same  as  those  spent  at  the  plough,  the  Durham  miner 
remained  underground  little  more  than  half  the  time  of  him  who  wai 
working  in  the  fields  above  his  head. 

The  relative  amount  of  work  done  in  the  two  countries  for  the 
same  money  is  difficult  of  comparison,  owing  to  the  varying  facility 
with  which  different  seams  of  coal  are  worked.  At  one  ironwoA  ia 
Eastern  Pennsylvania,  five  tons  were  given  me  as  the  quantity  whict 
could  be  worked  by  one  collier,  which  is  about  10  per  cent,  better  thai 

^  Vide  page  551. 
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the  usual  average  of  a  Durham  hewer,  and  nearly  30  per  cent,  above 
the  amount  really  worked  at  the  time  of  my  visit,  when  the  latter  were 
restricting  their  output. 

The  wi^es  for  mining  iron  ore  in  America  in  1874:  varied  between 
4s.  and  88.  6d.  per  day  of  twelve  hours.  In  West  Virginia  the  ininei*s 
were  earning  4s.  or  a  little  less,  and  in  Eastern  Pennsylvania  4s.  4d.; 
while  in  the  magnetite  mines  of  New  Jersey  the  rates  varied  from 
58.  7|d.  to  78.  6d.  In  the  Lake  Superior  district  they  reached  as 
high  as  8s.  6d. 

In  the  Cleveland  mines  the  average  earnings  of  the  men  in  the 
flame  year  were  about  6s.  6d.;  so  that,  with  the  exception  of  the  richer 
ores  of  New  Jersey  and  Lake  Superior,  the  English  ore  miners  were 
ss  well  paid  as  the  same  class  of  men  in  some  parts  of  the  United 
States. 

Having  regard  to  the  figures  which  represent  the  iron-ore  miners' 
wages,  it  cannot  be  pretended  that,  when  compared  with  English 
earnings,  they  are  on  the  whole  much  out  of  keeping  with  the  price  of 
agricultural  labour  in  the  two  countries. 

In  the  year  1874  the  following  wages  were  being  paid  to  the 
different  classes  of  mechanics  in  one  of  the  largest  engine  shops  in  the 
North  of  England.  Following  those  are  the  prices  per  day  paid  at  the 
same  time  in  different  parts  of  the  United  States: — 

NORTH  OF  ENGLAND. 


finffland  i 

I  Average.. 


Fitters  and 
Lathemen. 

Blaok- 

■mitha. 

striken  to 
Smiths. 

Joinen  and 
Oarpenten. 

Brick, 
layers. 

•.     d. 

i.     d. 

1.     d. 

s.     d. 

8.     d. 

3     0 

4    2 

2  10 

4     4 

3     8 

5     li 

5    5^ 

3    4i 

6     0 

5     0 

Fitters 

A5D  Lathemen. 

8.     d. 

8.      d. 

... 

... 

9    5 

to  11     3 

... 

... 

6    9J 

to  11    3 

...        ... 

... 

6    1 

to  10    2 

...        ... 

... 

6    7 

to    8    3 

Ohio      ... 
Pennsylvania 


Wiaconsin 

Average  8    8^ 
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UNITED  STATES. 


Blaoksmtths. 


Fitters  and 
Lathemen. 


New  Jersey     

New  York  State 

Ohio      

Wigconsin        

Ohio,  Cleveland  City  ... 
„     Shenango  Valley 
New  York  State 

Alabama  

Missouri  


Black-         Strikarato  Joinatsaiid 

■miths.  Smithfl.  Oarpaotenk 

a.    d.  a.     d. 

7    6  to    9    6 

8    6 

7    6i 

8    H 

9    5  to  11    3 

7    64  to  11    0 

8    51 

9    5 

7    6  to    8    5i 


Average 

TO  Smiths. 

8    9^ 

Stbikbrs 

a.    d. 

Ohio,  Cleveland  City 



... 

5    6 

„      Shenango  Valley 

5    71 

Alabama           

.. 

... 

5    7f 

Missouri           



... 

5    3i 

Average 

Carpbntebs. 

5    6 

JOINBRS   AND 

a. 

d. 

a.     d. 

New  Jersey      



8     bl 

New  York        

... 

8     51 

Pennsylvania 



9     5 

Ohio,  Qeveland  City  ... 

8 

5f  to 

9     5 

„     Shenango  Valley 

9    5 

Alabama           

... 

5    7i 

Missouri           

LAYERS. 

7 

6    to 

8    5} 

Average 

8    4 

Brick 

8. 

d. 

a.    d. 

New  York        

8 

1     to 

8    6 

Pennsylvania 

... 

13 

2    to  15    3 

Wisconsin         

...lls.Sid., 

13 

2    to  15    1 

Alabama           

... 

7 

6    to 

8    5 

Missouri           

7 

6    to 

8    H 

Average 

10    7 
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^rom  these  figures  it  appears  that  the  wages  paid  in  the  United 
\  are  higher  than  in  the  Noith  of  England  iron  district,  in  about 
[tbllowing  mtio: — 


mxen  and 

Bmitba 

StriketK. 

Fer  Cent* 

Per  Cem 

Pot  Cent. 

71 

60 

6^ 

JoilKTH  ttud 

U&rpouten, 
PwC^t- 

MiMoot  ma 
PerOent. 

6G 

no 

)n  refeiTing  to  the  masons  and  bricklayers,  it  wiO  be  seen  that 
ionally  these  classes  earn  fully  three  times  the  wages  uaiiaUy  pai<l 

I  Great  Britain »  This  exceptionally  high  rate  is  paid  to  men  engaged 
delusively  in  rmt-door  work,  in  which  the  severity  of  the  climate  in 
riBter  presents  many  interraptions  to  steady  employment.  On  the 
ther  hand  in  ironworks,  repaira  to  furnaces,  etc,  can  te  carried  on  at 

II  timeSj  and  for  such  work  8s»  to  8s.  Gd.  may  be  considered  a  usmil 
'age.  On  the  whole,  therefore,  it  wOI  not  be  wide  of  the  truth  if  it  be 
asumed  that  in  1H74  the  pay  of  mechanics  in  the  United  States  was 
early  70  per  cent,  higher  than  in  the  English  provinces, 

iTlie  wages  paid  to  the  mechanics  at  ironworks  are  of  a  very  miK- 
meoua  character,  as  a  good  many  young  people  or  imperfectly 
named  men  are  employed,  where  the  work  is  not  of  a  very  highly 
nished  nature.  The  subjoined  rates,  current  in  an  Enghah  ironwork. 
Hi  scifiiciently  explain  this: — 

In  a  retuni  sent  to  me  from  a  lai^e  Pennsylvanian  work,  in  1878, 
!  to  be  funud  the  following  quotations: — 


Fitteri  ana 

Blnck- 
Hiiithi 

Striken. 

Jolnm. 

Brick- 

Highest 

6  10 

6     0 

4    1 

5     0 

5     H 

Lowest 

I     2 

4  10 

1     6 

2     0 

3     d 

4    2 

6     3 

3     6 

4    6 

4     4 

Fitien  and 


Bliick^ 
imitlka. 


Highest 
Lowest 


10 


d. 
0 


4    91 


11 
& 


d. 
41 


atrtk«r«. 
*,     d. 

4  ai 

4    2 


Joiaen. 


11 


d. 
0 


5    4i 


Brtok- 
».     d, 

10    :ii 
6    H 


In   the  North  of   England,  at  that   time,  the  returns  were  as 
DWB: 

Joison. 


FiUtn  and 
Lditbemeii 


Highest 
Lowest 


b    8 
3    (f 


Black 
6     8 


a     d. 
&     4 

4     0 
J  J 
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BLAST  FURNACES. 
On  comparing  American  with  English  blaat-f umace  work,  I  haTc 
found  in  some  cases  that  the  wages  of  the  best  men  were  a  little  bigkr 
than  are  current  on  this  side  of  the  Atlantic ;  but  the  earnings  of  the 
whole  staff,  and  the  consequent  cost  on  the  ton  of  iron,  are  considerably 
in  excess  of  what  is  paid  with  us.  This  arises  partly  from  the  some- 
what higher  rates  paid,  and  partly  from  the  fact  that  more  hands  are 
engaged  per  furnace  than  is  the  case  in  the  best  English  and  Scotch 
works.  I  would  also  remark  that,  in  spite  of  high  wages  in  America, 
neither  the  rolling  stock  of  the  railways  which  conveys  the  minerals  to 
the  works,  nor  the  mode  of  dealing  with  such  materials  on  their  arrival, 
is  characterised  by  the  same  endeavours  to  save  labour,  which  are  so 
conspicuous  in  our  best  arranged  ironworks  and  rolling  stock,  partica- 
larly  in  the  Cleveland  district,  as  served  by  the  North-Eastem  Railway 
A  word  or  two  as  to  the  actual  earnings  at  the  furnaces.  In  1874 
the  men  in  the  Cleveland  district  were  being  paid  as  follows: — 

Keepers.  Aniitant  Keepers.  Slagmen.  Fillers.  Chsifen. 

8.     d.  8.     d.  8.     d.  s.     d.  s.    d. 

10    9i        ...        4    3^        ...        6    7i        ...        5    4i         ...         8    2^ 

In  the  United  States  the  conditions  and  nature  of  furnace  wort 
vary  so  much  that  there  are  wide  differences  in  the  wages  of  the  men. 
There  are  still,  in  remote  districts,  many  small  furnaces  engaged  in 
smelting  iron  with  charcoal,  where  the  make  is  often  very  small,  and 
at  best  rarely  reaches  a  couple  of  hundred  tons  per  week.  In  some 
of  these  localities  the  keepers  are  only  paid  about  4s.  8^.  per  day. 
In  others,  particularly  where  the  make  is  great,  as  much  as  66.  is 
paid  for  this  kind  of  work  at  a  charcoal  furnace,  and  4s.  8|d.  to  the 
slagmen,  fillers,  and  chargers.  In  the  Lake  Superior  district  as  mud 
as  7s.  6d.  to  8s.  6d.  was  earned  by  the  keepers  at  the  best  appoinUd 
charcoal  furnaces. 

The  current  rates,  in  1874,  at  the  larger  furnaces  using  minoal 
fuel  will  be  seen  by  reference  to  the  figures  below: — ^ 


Keepers.    Assistant  Keepers 

Slagmen. 

Fillers. 

Chairen> 

S.   d.         8.    d. 

8.  d.       s.   d. 

s.  d.       8.  d. 

s.  d.       s.  d. 

s.  d.      1  i 

State  of  New  York    ..8    5   to  9    5 

6    7   to  8    0 

6   7 

6    7   to  7    6 

6   7  toT  • 

„       Ohio   ..        ..  7    ^to9    3 

6    7   to7    6| 

5   7!to7    U 

6    7  to7    6i 

6   SflofU 

PcnnsylTania  7    0  to  9    5 

6    3  to7    6i 

5    7ito7    1* 

6    7Jto6    7 

6   7  to7  « 

„       West  Virginia                9    5 

6    4i 

— 

5    6 

•  « 

,.       Indiana        ..7    6ito9    5 

7    6 

8   5t 

6    01 

7   Ulo7« 

..       Missouri       ..                9    Oi 

6    9 

— 

4    71 

4  n 

Tennessee     ..               7    6 

6    7 

— 

«    7 

sn 

Averages  taken  from  18  Works. .  8   2i  7    2i  6   5  _7_5 

'  The  dollar  is  reckoned  at  Ss.  9^. 
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From  the  figures  givea  we  may  take  the  average  of  the  kec'pers 
and  their  assistants  ptit  together  to  be  7b.  (]^d«  in  Cleveland  and 
7fi.  8Jd,  in  America. 

Either  from  the  occasional  heat  in  summer,  or  from  an  un will  fug- 
ness  t«j  exert  themselves  as  our  men  do,  it  is  not  an  uncommon  thing 
in  America  to  have  Mly  twice  as  many  men,  bo  do  the  same  amount 
cf  work  in  keeping  and  attending  to  the  slag,  ns  we  have  in  the  North 
uf  England.  This,  added  to  inferior  arrangements,  generally  results  in 
the  Iat>oiir  on  a  ton  of  metal  in  America  amounting  to  nearly  double, 
and  often  even  more  than  double,  its  cost  in  England. 

In  certain  cases,  where  the  make  in  the  United  States  is  very  large, 
«ay  700  tons  per  week,  the  earning  per  man  of  the  entire  s(af  in  1879 
were  fully  one-third  above  those  in  the  Cleveland  district.  To  some 
extent  this  is  necessitated  by  the  larger  make,  but  not  entirely  so;  for 
Instead  of  having  to  receive  and  handle  3^  tons  of  ironstone,  as  in 
Cleveland,  for  each  ton  of  iron,  about  1 1  tons  of  ore  only  are  required. 

At  one  work,  where  the  make  was  less  than  one-half  of  that  of  the 

reland  furnaces,  i?2   per  cent,  more  men  were  employed,  and  the 

I  earnings  were  22  per  cent,  higher;  and  in  another,  where  the 

imber  of  men  was  something  like  that  in  Cleveland,  notwithstanding 

It  the  produce  was  only  al>oiit  one-half,  the  average  earnings  of  the 

iief  men  were  57  per  cent,  above  the  highest  in  this  country. 

At  two  furnaces,  making  400  tons  of  iron  per  week  each,  the 

aber  of  men  was  85  per  cent,  more  than  is  to  be  found  at  Middles- 
i>ttgh,  while  the  avemgc  daily  earnings  per  man  (5s,  lid,)  were 

per  cent,  higher. 

Speaking  generally,  I  should  say  that  the  entire  staff  of  men  engaged 

blast  fumacH^s  in  the  chief  seats  of  the  iron  trade  in  the  United 
ates  receive  on  an  average  from  25  to  SO  per  cent,  higher  wages  than 
are  paid  in  the  best  establisbmeots  in  Great  Britain,  while  at  the  same 
time,  as  formerly  observed,  the  number  of  men  is  oonsiderahly  greater* 
As  ahready  stated  however,  a  good  deal  of  this  unnecessary  expenditure 
of  labour  is  to  some  extent  due  to  the  absence  of  those  labour-saving 
appliances  for  which  the  best-eqnipped  works  with  us  are  distinguished. 

The  opinions  just  given  embody  the  general  impressions  produced 
on  my  mind  by  visits  to  many  smelting  works  in  dilTcrent  parts  of 
the  United  States.  Mure  recently  I  have  been  favoured  by  American 
friends  with  tabular  statements  of  the  actual  number  of  men  employed 
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at  their  respective  furnaces  along  with  the  earnings  of  the  entire  staff. 
By  comparing  these  with  what  may  be  considered  the  average  practice 
in  the  best  arranged  of  our  modem  English  furnaces,  the  comparison 
points  to  the  conclusion  that  in  those  of  the  United  States  one-sixth 
more  men  for  each  furnace  is  required  for  producing  leas  than  half 
the  quantity  of  iron.  Besides  this  difference,  the  present  average 
earnings  of  the  staff  (1883)  being  higher  in  America  than  in  England, 
the  cost  of  labour  on  a  ton  of  pig  iron  in  the  particular  cases  compared, 
is  in  the  former  more  than  double  of  what  it  is  in  the  latter.  On 
the  other  hand  the  wages  paid  at  the  English  works  just  referred 
to  average  fully  one-half  more  than  the  earnings  of  each  man  of  the 
staff  at  the  German,  French,  Belgian,  and  Luxemburg  fiimaces.  A» 
has  been  stated  in  the  previous  section,  owing  to  the  larger  number 
of  hands  employed  in  these  countries,  the  actual  price  of  the  labour  in 
the  first  three  on  the  ton  of  product  is  usually  25  per  cent,  above 
that  paid  in  the  North  of  England.  In  Luxemburg,  owing  to  the 
larger  make  of  some  of  the  furnaces,  this  difference  against  Great 
Britain  is  less  than  one-half  of  that  just  named. 

In  some  of  the  cases  which  came  under  my  notice  on  the  Continent 
of  Europe,  a  prominent  cause  of  the  large  number  of  men  required  at 
each  furnace  arises  from  the  exceedingly  defective  arrangements  for 
receiving  the  materials.  In  several  instances  I  observed  the  coke 
being  unloaded  from  barges  by  means  of  baskets  carried  on  men's 
backs.  Of  course  it  may  be  urged  that  where  labour  is  so  mocb 
cheaper  than  with  us,  it  will  scarcely  pay  to  incur  the  outlay  of  capital 
needed  for  providing  the  appliances  in  general  use  in  the  vicinity  of 
Middlesbrough. 

The  differences  in  the  arrangement  of  the  works  are  not  however 
the  sole  cause  of  the  larger  numerical  strength  of  the  staff  engaged  at 
the  foreign  furnaces  in  question.  Much  must  be  put  down  to  the 
greater  physical  strength  of  the  British  workmen.  An  esteemed 
friend  in  Germany  wrote  to  me,  in  reply  to  my  observations  on  thit 
question,  as  follows  :— 

"I  am  much  amused  that  you  are  unable  to  understand  why  tR 
require  so  large  a  number  of  men  at  our  blastfurnaces;  but  when  I 
visited  England  I  was  also  greatly  surprised  at  the  few  men  t<» 
employ.  The  number  given  in  my  list  is  really  for  one  and  not  for 
two  furnaces.     There  is  no  avoiding  it.    We  have  often  tb»  s^ 
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F^u»4et9. 

K««p«m. 

DoUm*. 

DDUAm 

187U 

18-95 

17*40 

1871 

19W 

18-50 

1872 

2317 

22-61 

1873 

2648 

24*85 

1874 

lti-80 

1675 

1875 

16'12 

1400 

1870 

13-65 

1260 

1877 

12-25 

11-34 

1878 

12  25 

11*34 

1879 

1134 

ir34 

1880 

1500 

1400 

IHelpflr- 

OreFlUera. 

CMlFiUm. 

Dolla«, 

DolUn. 

l>on«t. 

14-72 

13-90 

9-90 

15-82 

15-00 

930 

1932 

18*54 

10*60 

21 '21 

20*16 

10*50 

1330 

13*30 

1016 

12-25 

12*25 

9-10 

1106 

1106 

8-40 

9-94 

9-94 

770 

9-94 

9-94 

770 

9*94 

9-lH 

770 

1225 

12-25 

8-40 

te«-'hmcal  applianoes  as  you  in  England i  for  anything  an  engineer  sees 
he  can  imitate  and  construct.  But  what  we  cannot  imitate  is  to  work, 
with  our  cheaply  fed  men,  with  the  same  vigour  that  your  English 
workmen  labour  who  enjoy  their  good  meat/'  etc.,  etc* 

1  have  also  received  from  a  most  trustworthy  qnarter  the  average 
wtsekly  earnings  over  a  series  of  years  of  the  chief  workmen  at  a 
Pennsylvanian  work*    Thene  are  as  follows : — 

lit  Helper, 
DoUart. 
15*56 
16-65 
20-39 
22-40 
14-35 
12'95 
11*76 
10-57 
10*57 
10'67 
12-95 

The  make  of  the  furnaces  tu  which  the  above-mentioned  rates 
apply  amounted  to  260  tons  per  week,  the  fuel  used  being  anthracite. 
The  founder  answers  to  the  head  keeper  in  England*  and  the  thi*ee 
iither  men  assist  the  founder  and  attend  to  the  slag.  Each  furnace  has 
lb«r  ore  fillers  and  one  cual  filler  on  each  shift,  who  discharge  the 
materials  into  the  furnace,  This,  for  the  work  referred  to,  makes  a 
lotpal  of  nine  men,  against  one  and  a  half  keepers,  one  alag  man,  two 
MSid  a  half  fillers,  and  one  top  charger — in  all  six  men — ^at  an  English 
lurnace  making  460  instead  of  260  tons  per  week  as  in  the  Americim. 

The  following^  showing  the  number  of  men  engaged  on  each  ehifl 
at  keeping,  slagging,  filling  and  charging  a  furnace,  is  taken  from 
returns  in  my  poBsessiou : — 

Clevelaod 

Geriniui  J 

Do, 
Vmact 

Uniteil  Statei 


lake  of  iTou 
per  BhitX. 

Tons. 

Number 
uf  MciL 

D»Uy  Fay, 

taken  w  uuikjr, 

32 

6 

5  a 

100 

TjI.) 

14 

2  10 

81 

i3 

145 

2     8J 

91 

36 

14 

2     9i 

110 

as 

11 

2    6 

7» 

25 

10 

6    8 

271 
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It  will  be  observed  that  the  relative  costs  in  these  examples  do 
not  correspond  with  those  previously  mentioned.  This  diieflj  arias 
from  the  remaining  branches  of  the  labour  dififering  in  the  nombeis 
employed  as  well  as  in  the  rate  of  wages. 

Cleveland,  which  has  been  taken  as  the  standard  of  compansoD,  is 
no  doubt  favourably  situated  for  economical  cost  of  labour.  Almust 
day  by  day  the  exact  quantity  of  raw  material  is  received  at  the 
furnaces  for  the  day's  consumption.  This  enables  the  furnace  manager 
to  deposit  his  supplies  of  ore,  fuel  and  flux  at  the  most  convenient 
points  for  immediate  consumption.  On  the  other  hand  on  the  Con- 
tinent in  some  cases,  and  in  the  United  States  in  most  cases,  long  dis- 
tances intervene  between  the  coal  and  ore,  so  that  considerable  stocks 
of  one  or  other  are  lying  at  the  furnaces — a  condition  which  interferes 
with  dealing  economically  with  the  vast  weights  of  matter  involved 
in  the  smelting  of  iron. 

MALLEABLE  IRON. 

Passing  on  now  to  the  manufacture  of  malleable  iron,  we  are  oft«i 
met  by  a  much  greater  dissimilarity  between  the  rates  current  on  the 
two  sides  of  the  Atlantic  ocean,  than  is  the  case  at  the  blast  fumaoe& 
Restricting  the  comparison  at  present  to  prices  paid  for  puddling, 
in  the  United  Kingdom  and  in  the  United  States,  it  may  be  recol- 
lected that  the  price  per  ton  in  Cleveland  and  StaflTordshire  in  1874 
was  lis.  7^d.  In  that  year  I  find  the  following  American  quotations 
in  my  diary: — 

AVERAOB  VSOM  VABIOUS  WOBKS. 


PerTka. 

B.     d. 

In  Susquclianna  Valley            

...     18  10 

„  Illinois           

...     19  11 

„  New  York  State       

...     19    0 

„  Pennsyh'ania  (20s.  8jd.  and  2l8.  9d) 

...     21     8 

„  Ohio 

...     22    7i 

„  Tennessee      

...     24    6 

Thns  it  would  appear  that  20s.  6d.  may  he  assomed  as  having  been 
the  average  cost  of  hand-puddling  in  the  United  States  in  1874,  or 
nearly  double  that  paid  in  Great  Britain. 
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^Fln  1876  the  jirice  paid  in  America  had  dech'ned  to  I  Ha.  or  lOs., 
■linst  98,  in  Cleveland  including  bounty,  and  Os,  Gd,  in  Staffordshire;* 
^that  England  at  that  time  paid  less  tlian  one-half  of  the  American 
^oes*  In  1878 1  have  one  American  quotation  of  13s,  3|ii.,  the  price 
vith  VLB  bcin^  then  abctut  7&*  9d.    The  actual  amount  of  money  earned 

i coarse  depends  on  the  quantity  of  work  done.     The  Englishman's 
Y^  work,  for  ordinary  iron,  may  coneist  of  24  to  27  cwts.,  and  the 
filings  at  7s,  l)d.  per  ton  (1878)  may  be  taken  at  Ds.  9d.:  which  is 
nded  probably  into  Gs,  6d,  for  the  chief  pnddJer,  and  Se,  Gd.  for  the 
brband.     In  America  the  quantity  worked  in  a  shift  is  fi-om  22 
H  cwts,  leaving  (1878)  about  lbs.  for  the  head  man  and  7s.  6d. 
'  his  assifitant. 

In  the  Lehigh  Valley,  in  1880,  the  price  paid  for  puddling  was 
l88.  ^d.  per  ton  short  weight.  The  daily  produce  is  25  cwts.  of  peddled 
mr,  so  that  the  daOy  earnings  for  the  puddler  were  15b.  7id.,  and  for 
lis  underhand  7s.  Q^d. 

In  Staftbrdghire  the  average  for  the  same  year  was  8b.  per  ton  short 
freight.  Allowing  the  produce  to  be  27^  cwts.  the  total  earnings  come 
(O  lis.;  giving  about  7s.  to  the  chief  and  is.  to  the  underhand. 

Tlie  Middlesbrough  mtea  in  1880  were  Da.,  includini^  bounty,  per 
^on  short  weight;  at  wliich  the  head  puddler  would  earn  7s.  9d.,  and 
he  helper  3s.  6d.  per  day. 

I  If  we  assume  that  the  best  paid  agricultural  labom-ers  in  the 
^pth  of  England  earn  3s.  per  day,  a  head  puddler  receives  a  trifle 
Bove  double  the  highest  pay  of  the  farm  servant.  In  like  manner, 
■aking  tlie  average  countryman  in  the  United  States  to  earn  4  s.,  the 
?hief  puddler  is  paid  nearly  four  times  as  much  as  is  given  for  farm 
abour. 

■In  the  United  States  therefore  puddling  costs  more  than  double 
Kt  it  does  with  us,  and  the  receipts  of  each  man  are  fully  twice  m 
Quch  as  they  are  in  England* 

Excsefisive,  compamtively  speaking,  as  are  the  rates  ju 
are  considerably  less  than  has  been  paid  in  inflated 
trade.     During  these,  as  much  as  30b.  3d.  per  ton  hdt 

The  English  ton  W^tove  ISSO  U  one  of  2»400  tba.,  wlkiireiis  I 
works  tbe  tun  nf  3,210  lb;*,  is  always  ufted  tor  puddlers^  wa^ 
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to  be  paid  in  America  for  puddling,  and  I  believe  the  first  attempt  at 
a  reduction  was  met  by  a  prolonged  strike.  In  the  United  Kingdom 
the  highest  rate  paid  for  puddling  was  about  148.,  viz.  in  1878  and 
1874. 

I  have  dwelt  at  some  length  on  the  prices  paid  for  puddling, 
because  there  is  no  better  standard  of  comparison  in  the  mannflBCtTire 
of  malleable  iron  than  the  price  paid  for  this  description  of  work.  Its 
performance  is  usually  independent  of  any  general  convonience  of 
arrangement;  and  the  measure  of  the  amount  of  labour  required  for 
manipulating  different  kinds  of  pig  is,  as  a  rule,  pretty  accuratdj 
determined  by  the  weight  produced  in  a  given  time. 

I  have  endeavoured  to  compare,  with  proper  attention  to  accuracy, 
the  information  I  obtained  in  the  United  States  (in  1874  and  1876) 
with  what  I  knew  to  be  the  daily  earnings  per  man  of  the  entire  staff 
in  the  puddling  forges,  as  they  are  paid  in  the  United  Kingdom.  The 
result  is  that  I  feel  pretty  confident  that  the  cost  to  the  American 
iron-master  was  and  is  something  like  50  per  cent,  above  that  which 
is  paid  by  those  of  Great  Britain. 

The  same  disparity  between  the  rates  paid  in  Great  Britain  and 
in  the  United  States  exists  in  all  other  branches  of  the  malleable 
iron  works,  with  perhaps  one  exception,  viz.  plate  rolling;  in  which  I 
believe  the  British  scale  is  higher  than  that  adopted  in  any  part  of  the 
world. 

The  following  figures  show  the  daily  earnings  of  different  classes 
of  workmen  engaged  in  the  malleable  iron  works  of  Great  Britain, 
and  in  some  of  those  on  the  Continent,  placed  alongside  rates  paid 
about  the  year  1878  in  the  United  States : — 


PUDDLING  FORGE. 


Britain. 


France.       BelfiuxD. 


United 


Puddlers       

...      7,2 

81 

5,3J 

5/4 

97    15,6 

- 

Do.      Underhand 

...       36 

3  6 

— 

3/6 

494    79 

- 

Shinglers      

...     22  9 

193 

5/3 

— 

14,6    24/2 

- 

Paddle  bar  roUers  ... 

...     15,0 

18,5 

52 

— 

114    13/2 

94 

Roaghers     

...       6,0 

61 

— 

— 

-     22/1 

- 

Hookers        

...      5,6 

3/9 

— 

~ 

—       8-4 

- 

Draggers  out 

...       4,6 

48 

2/8 

— 

7/74     - 

— 
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FINISHING  MILL. 

Britoiii. 

France. 

Belgium. 

United  Btatei. 

ers  in  plate  mill     ... 

16/1 

8/5i 

7/li 

15/0 

13/6 

— 

— 

erstoheatera 

— 

5/4i 

— 

9;2t 

83 

— 

— 

ers  for  iron  rails  or  ban 

— 

— 

— 

18/9 

16/3 

14/7 

— 

ers  at            do. 

-- 

— 

— 

9/4i 

7/Oj 

7/3J 

— 

Rollers  in  plate  mill 

41/1 

7/5t 

5/9^ 

371 

18;li 

26/0 

35/0 

id           do. 

— 

5,lli 

— 

— 

16;9J 

— 

— 

pmen  in  plate  mill ... 

34/9 

— 

2,6 

4/7 

— 

— 

— 

or  rails  and  heavy  bars 

20/5 

— 

— 

21/lOj  23/li 

15/0 

— 

:hing            

17/6 

— 

— 

15/7i 

16/3 

10/0 

— 

lers 

— 

— 

— 

9/4J 

ll/5i 

— 

— 

b  will  be  perceived  in  these  figures  that  occasionally  there  are 
derable  differences  in  the  earnings  of  the  same  class  of  men.  This 
ibly  arises  from  differences  in  the  amount  of  work  done  or  from 
s  being  generally  lower  in  one  locality  than  in  others, 
'or  the  purpose  of  comparing  the  rates  paid  in  the  United  States  over 
ies  of  years  with  those  given  in  the  table  at  page  527,  there  is 
ted  below  information  respecting  the  prices  paid  for  puddling, 
her  with  the  daily  earnings  of  the  puddlers,  at  a  malleable  iron 
in  Pennsylvania. 


^ICE  OF  PUDDLING  AND  DAILY  EARNINGS  OF  PUDDLERS 
AND  UNDERHANDS. 


Price  per  Ton  of  2.240  Lbe. 
ATerage  make  26i  CwtB. 

ATerage  Earnings. 
Headman.                      Underliand. 

Year. 

Dollars.^ 

Dollars. 

Dollan. 

1870 

600 

500 

2-50 

1871 

5-40 

4-50 

2-25 

1872 

6-25 

5-21 

2-60 

1873 

7-00 

5-83 

2-92 

1874 

5-75 

4-80 

2-39 

1875 

5-25 

4-38 

2-18 

1876 

4-25 

3-54 

1-77 

1877 

4-00 

3-34 

1-66 

1878 

3(30 

300 

1-50 

1879 

3-60 

3-00 

1-50 

1880 

4-50 

3-75 

1-87 

1881 

4-00 

3-34 

1-67 

be  present  value  of  the  American  dollar  may  be  taken  at  48.  2d.  In  1874 
76,  when  I  was  in  the  United  States,  the  paper  dollar,  then  the  nsiuJ  cnrrency, 
b  stand  above  38.  9^. 
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The  highest  price  given  was  in  September,  1872,  when  the  rate 
reached  8  dollars  per  ton;  and  the  lowest  in  1879,  viz.,  8'40doll«t 
per  ton. 

The  following  table  exhibits  the  fluctnations  of  wages  in  tb 
finishing  mills: — 

AVERAGE  DAILY  EARNINGS  OF  HEATERS,  THEIR  HELPERS,  ANI> 

CHIEF  ROLLERS,  IN  A  MALLEABLE  IRON  WORK, 

ROLLING  BARS. 


Heaten. 

Helpers  at  Fumaoes. 

Head  Boll 

Year. 

DoUurs. 

DolUn. 

DoUn 

1870 

6-54 

309 

774 

1871 

6-54 

309 

774 

1872 

6-54 

3-09 

774 

1873 

7-32 

3-46 

870 

1874 

600 

2-82 

6-96 

1875 

5-52 

2-61 

6^ 

1876 

3-60 

1-80 

4-20 

1877 

3-24 

1-62 

8-84 

1878 

3-92 

1-92 

4-64 

1879 

3-92 

1-92 

4-64 

1880 

5-04 

2-52 

e<H 

1881 

4-32 

216 

612 

An  average  day's  work  until  January,  1878,  for  a  heater  and 
his  helper,  was  6  tons  (of  2,240  lbs.),  after  which  they  turned  out  8  tons. 
The  head  roller  earned  his  money  by  rolling  the  work  of  two  fuinaoe^ 
say  12  tons  per  shift  up  to  1878,  and  16  tons  subsequently. 

Owing  to  a  want  of  exact  information,  I  am  unable  to  quote  iffeM 
figures  representing  the  total  difference  between  the  cost  of  labour  in 
the  manufacture  of  malleable  iron  in  European  countries  and  i& 
America.  So  far  however  as  my  information  enables  me  to  form  to 
opinion,  I  think,  as  compared  with  England,  that  the  workmen  in  the 
German,  French  and  Belgian  forges  and  mills  together,  may  reodre 
about  lOs.  less  on  every  ton  produced  than  is  paid  with  us.  h 
America,  on  the  other  hand,  I  am  of  opinion  that  the  wages  in  tl» 
puddling  and  finishing  mills  may  be  10s.  to  158.  more  per  ion  tha&i^ 
paid  in  Great  Britain. 
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H  BESSEMER  STEEL. 

^m  From  the  mamifacture  of  malleable  iron  I  woald  now  paa<*  on  to 
^Kat  of  steel,  in  which  the  United  States  have  earned  a  position  of  great 
^■itinction.  The  converters  used  in  the  Bessemer  process  are  usually 
^■t  in  pairs,  and,  looking"  at  the  work  they  perform,  occupy  but  a  very 
^■oall  space  of  ground.  The  intense  heat  which  accompanies  the 
^■peration  leads  to  rapid  destruction  of  the  linings  of  the  vessels, 
^fcrticnlariy  at  the  tuyeres.  Unless  therefore  the  airangcments  for  rc- 
Htoving  the  ingots  are  very  well  disposed,  and  unless  the  repairs  can  nlso 
He  effected  with  the  utmost  expedition,  serious  interruptions  may  ensue. 
^■b  onej  I  believe,  has  given  these  important  matters  more  ample  con- 
^■deratiou  than  my  friend,  the  late  Mr.  A.  L*  Holley  of  New  York,  and 
Ho  one  has  been  more  successful  in  the  attainment  of  the  objet^ts 
^B  kept  80  constantly  in  view.  The  reward  of  his  intelligence  and 
^Bdustry  has  been  the  turn  out  of  a  larger  quantity  of  ingots,  per  pair 
Hf  converters,  than  that  produced  at  any  Bessemer  work  in  the  United 
^Kingdom.  So  far  as  my  information  goes,  few  makers  in  England  !mve 
^fcproached  within  20  to  30  per  cent,  of  the  quantity  of  work  turned 
^bt  by  a  pair  of  converters  as  designed  by  Mr.  HoUcy.  The  number 
I  of  men  engaged  in  a  given  amount  of  work  does  not  appear  usually 
H»  exceed  that  in  England,  but  the  coat  per  ton  for  labour  in  America 
Htt  the  converters  m  double  that  incnrred  in  this  country.  This 
^MTerenoe  arises  simply  from  the  circumstance  that  in  America 
^Be  earnings  per  man  per  day  are  twice  as  much  as  those  paid  in 
^■igland. 

^  According  to  a  paragrapjh  which  ap|.»cared  in  the  Scranton  A>- 
fmblican  of  10th  Kovember,  1883,  the  Steel  Company  of  that  locality 
averaged  from  one  pair  of  converters  fifty-two  blows  per  turn  for  a 
whole  week ;  whereas  in  England  half  this  number  is  considered 
good  work.  Between  5  a.m.  and  4'43  P.M.,  on  one  of  the  turns,  as 
many  as  sixty  blows  were  made,  and  from  one  of  the  bottoms  42 
heats  were  obtained.  The  authority  quoted  from  mentions  the  facts 
given  above  as  never  ha'ving  been  equalled  since  Bessemer  steel  was 
first  introduced. 

The  same  publication,  in  its  issue  of  December,  188S,  records  the 
production  of  288  tons  (2,240  lbs.)  of  rails  in  the  Lackawanna  Com- 


572    SECTION  XVII. — LABOUB  IN  THE  UNITBD  8TATSS  OP  AMBRIOi 

panj's  mill  in  one  tom^  and  then  goes  on  to  state  that  in  the  same 
period  (twelve  hours)  the  Seranton  Company,  with  eleven  men  at  the 
rolls,  turned  out  318  tons. 

If  the  week  is  taken  as  consisting  of  eleven  turns,  we  have  624 
blows  of  5  tons  each,  or  2,860  tons  from  the  converters  and  3,498 
tons  of  rails  from  the  mill. 

I  am  not  aware  of  any  such  quantity  of  steel  as  that  named  having 
ever  been  made  from  one  pair  of  converters,  but  at  Eston  above  3,700 
tons  of  rails  have  been  rolled  from  one  mill  for  several  oonsecati^ 
weeks.  As  regards  the  number  of  men  required  to  work  a  heavy  rail 
mill,  the  machinery  referred  to  at  the  close  of  the  last  section,  reoendy 
erected  at  Barrow,  and  equal  in  power  to  that  at  Eston,  is  served  bj 
eleven  men. 

The  United  States  with  their  120,000  miles  of  railway,  agaiut 
about  one-sixth  of  this  in  the  United  Kingdom,  are  of  conrse  much 
larger  consumers  of  steel  rails  than  we  are.  Including  those  leqoired 
for  exportation,  there  were  manufactured  in  Great  Britain  in  18S1 
1,023,740  tons,  and  in  1882  1,236,786  tons  of  steel  rails.  In  Ihe 
United  States  there  were  made  in  the  year  1881  1,187,770  grosB  torn 
of  2,240  lbs.,  and  1,284,067  gross  tons  in  1882.  This  large  prodnctioe 
has  afforded  the  American  steel-rail  makers  ample  opportunity  of  is- 
proving  the  necessary  appliances  used  in  the  manufacture;  and,  ai 
has  been  already  admitted,  they  have  not  failed,  so  fieur  as  a  htgt 
output  is  concerned,  to  profit  by  the  opportunities  placed  at  their  dis- 
posal. I  am  unable  to  refer  to  any  data  containing  the  cost  of  laboor 
involved  in  the  production  of  sucLlarge  makes  as  those  above  referred 
to.  According  to  my  friend  Mr.  E.  Windsor  Bichards,  who  htf 
himself  visited  the  United  States,  the  great  amount  of  work  pe^ 
formed  in  the  American  mills  is  accompanied  with  a  consideialik 
increase  in  the  cost  of  labour  both  at  the  blast  furnaces  and  in  the 
steel  works. 

The  only  information  I  possess  of  the  number  of  men  engaged  ii 
rolling  steel  rails  in  America,  refers,  on  the  whole,  to  works  of  Boat 
what  inferior  capacity  to  our  English  mills,  but  exceeding  in  prodDO* 
tion  those  of  an  average  German  establishment.  In  the  oonvertilf 
department  I  quote  one  American  mill  making  more  and  the  odif 
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less  than  the  English  work  with  which  they  are  compared.  Again 
adopting  England  as  the  standard  of  comparison,  I  have  arrived  at 
the  following  resnlts: — 

CONTEBTBB   WOEK. 


Scale  of  production 

Belative  work  performed  b j  each  man 
Average  wages  per  man  of  whole  staff 

Bail  Mill. 

Scale  of  production 

Relative  work  performed  bj  each  man 
Average  earnings  per  man  of  whole  staff  ... 

As  nearly  as  I  am  able  to  calculate  from  the  various  figures  in  my 
notes  the  relative  costs  of  labour  on  a  ton  of  the  produce  is  as  follows: — 

Germany.         United  Statcn. 

68     ...     224        144 

138     ...     234        166 

The  individual  earnings  of  different  classes  of  workmen  in  these 
three  cases,  viz.,  England  for  1883  and  the  other  two  for  1879,^  are  as 
follows : — 

Cupola — Ist  man 

„    —2nd  „      

„    — 3rd   ,1 

„    — Ist  charger         

„    —2nd     „  

„    —3rd      „  

Converters — Ist  man        

„         —2nd  „  

„         — 3rd  „  

-4th    „  

Heaters — Ist  man  

„      —2nd  „  

»     —3rd    ;,  

BoUer— head         

Rougher    „  

Catcher      

*  There  was  little  or  no  difference  in  rates  between  the  two  years. 


England. 
s.      (L 

Genuany. 
8.    d. 

United  States. 
B.      d. 

6    0     . 

..     3    li 

...    15    7J 

5    0     . 

..     2  11 

...    11    7 

4    4.. 

.     2  10 

...    10    5 

5    0     . 

..     2  10 

...    11    7 

4    4     . 

..     2    7i 

...     10    5 

4    2     . 

...      6  Hi 

6    8     . 

...     15    3i 

5    0     . 

..    3    7i 

...     11    7 

4    4     . 

..    3    U 

...      9  10 

4    0     . 

..2    9 

...       6  Hi 

10    0     . 

.4    8 

...     13    4 

7    6    . 

..3    8 

...      8    4 

6    0     . 

..     2  10 

...      6    5 

20    0     . 

..     8    7i 

...     15    Si 

16    0     . 

..     5    6i 

...     13    0 

8    4     . 

.4    6 

...      9  11 
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In  each  case  the  daily  earnings  are  what  was  being  paid  as  nearly 
at  the  same  period  as  my  information  permits,  and  they  all  belong  to 
works  in  which  the  iron  was  remelted  in  cupolas. 

Owing  to  the  rails  being  of  different  sections  in  tiie  different 
countries,  and  owing  to  the  different  manner  of  keeping  the  acoonntB, 
I  can  only  give  what  must  be  regarded  as  a  rough  idea  only  of  the 
relative  cost  for  labour  in  their  manufacture.  The  average  earnings 
of  the  entire  staff  are  fidly  60  per  cent,  higher  in  America  than  it  is 
in  the  latest  built  works  of  this  country;  and  so  far  as  my  data  enable 
me  to  judge,  this  difference  expresses  pretty  nearly  the  higher  charge 
for  workmanship  on  a  ton  of  rails. 

Having  examined  the  numerous  examples  recorded  in  my  memo- 
randa, more  or  less  imperfect  in  different  portions  of  their  details,  and 
having  compared  them  with  those  which  are  complete  in  all  respects, 
I  have  arrived  at  the  conclusion  that  we  are  within  the  mark  in  saying 
that  the  entire  range  of  iron  making,  as  a  whole,  costs  the  American 
community  for  labour  something  like  double  what  it  costs  the  British 
nation.  In  some  instances  this  arises  from  the  price  per  ton  or  the 
daily  wage  actually  paid  being  in  accordance  with  this  difference;  bnt 
it  is  equally  certain  that  there  is  another  way  in  which  a  man  may 
improve  his  position,  as  he  will  consider  it,  viz.,  by  insisting  on  addi- 
tional help,  and  by  himself  doing  less  work.  The  effect  is  the  same^ 
the  employer  first,  and  the  community  subsequently,  have  to  pay 
for  it. 

In  a  new  country  like  the  United  States,  where  the  labour  market 
is  so  largely  recruited  by  immigration,  we  must  expect  wages  to  be 
higher  than  they  are  in  those  countries  from  which  the  emigranti 
are  drawn.  Land  is  so  cheap  on  the  other  side  of  the  Atlantic  that 
the  farmer  there  can  afford  to  offer  a  considerable  inducement  to 
agricultural  labourers  to  quit  the  land  of  their  birth.  This  indnoe- 
ment  takes  the  form  of  wages  varying  from  20  to  30  per  cent,  abow 
the  best  mtes  paid  in  the  United  Kingdom.  Bat  when  the  grower  of 
com  consumes  iron,  and  has  to  pay  for  the  labour  required  in  mining 
smelting  and  working  the  metal,  he  does  so  at  double  and  sometixMi 
Tar  more  than  double  the  price  it  commands  among  European  naticHii 
Since  my  own  experience  of  the  cost  of  labour  in  the  United  SUftem 
given  in  the  present  section,  was  printed,  I  have  been  enabled  to 
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conisider  the  opinions  of  an  American  authority  on  the  relative  rates 
of  waives  paid  in  his  own  coantry  at  the  present  time  and  those 
cnrrent  in  Great  Britain.  Mr.  J,  D.  Weeks,  a  name  respectfully 
quoted  more  than  once  in  these  pages,  visited  the  Cleveland  district 
in  the  automn  of  1883,  and  a  portion  of  the  results  of  his  enquiries 
have  appeared  in  the  columns  of  the  Philadelphia  Press,  Unfor- 
tunately only  two  of  what  is  intended  to  be  a  series  of  articles,  have 
reached  this  country,  but  enough  has  already  been  published  to  show 
that  Mr.  Weeks  confirms  what  I  have  said  on  the  subject. 
^  I  select  from  the  lists  ^ven  by  Mr.  Weeks  a  few  of  the  rates, 
Viihcywiiig  in  each  case  the  net  earnings  in  dollars  of  the  men  at  iron 
V^Qre  miiieB  in  Cleveland  and  in  the  Unit^id  States. 

I  ClofelAzid.  Lake  auperiotr.  Siftto  ol  Kew  York. 

Depntie-^        ...  1-084  to  1-148  Pit  Boa  2-06  Pit  Bo«i  2'23 

Miners  ...  I'ltiS  2^6  1'75 

Enginemen    , . ,  1041  to  1213  2*02  2'16 

Bbcknniths  ...  *994  to  1'234  2*66  2-50 

„      Strikers  780  l'&8  1'40 

Joiner*  ...  1'148  Carpenter  2-20  ...        .,»  1-73 

The  hours  of  labour  are  seven  in  Cleveland  of  actual  work  at  the 
face  for  the  miners,  and  eight  to  ten  down  the  pit  or  at  Itank  for  other 
branches. 

At  the  mines  of  Lake  Superior  all  men  work  ten  hours  per  day. 
The  period  of  labour  is  not  given  at  those  of  New  York  State* 

Compttrintr  the  mines  of  Cleveland  and  Lake  Superior  Mr,  Weeks 
gives  the  average  earnings  of  all  the  staff  in  the  former  at  90  cents 
f^inst  2-10  dollars  in  the  latter*  I  believe  that  Mr.  Weeks  under- 
gtates  the  average  of  the  English  mines  by  about  1 0  per  ceut,  in  his 
tablea,  and  it  has  also  to  be  observed  that  the  American  miners  work 
nearly  one-half  longer  hours  than  those  in  Cleveland,  Notwithstanding 
these  differences,  it  is  quite  clear,  from  the  average  earnings  of  all  the 
men  employed,  that,  so  far  as  the  mines  of  Lake  Superior  are  concerned, 
the  wages  may  be  taken  to  be  double  those  paid  in  Cleveland.  If  Mr. 
Weeks  should  afterwards  maintain  that  wages  generally,  certainly  in 
the  Northern  States  were  higher  than  in  Great  Britain,  it  is  nothing 
more  than  has  been  already  admitted  in  this  work. 

Making  proper  allowance  for  the  difference  of  hours  of  labour. 
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Mr.  Weeks  considers  that  the  Lake  Superior  miners  earn  one-half 
more  money  than  do  the  men  in  the  Cleveland  mines.  He  fdrth^  re- 
marks that  the  shorter  hours  in  the  latter  are  *'not  the  resolt  of  a 
desire  to  promote  the  physical  or  intellectual  well-being  of  the  woitk- 
men  who  in  most  cases  would  only  be  too  happy  to  earn  the  extra 
5  or  10  per  cent,  and  work  the  additional  half-hour  or  hour." 

I  believe  however  that  the  period  of  labour  has  been  exdufiiTely 
settled  by  the  Cleveland  miners  themselves  and  that ''  the  physical  and 
intellectual  well-being"  of  the  men  was  not  more  considered  by  the 
employers  of  the  Lake  Superior  mines,  in  fixing  ten  hours  as  a  day's 
work,  than  it  was  by  the  Cleveland  mine-owners  in  consenting  thai 
seven  hours'  labour  should  be  so  regarded. 

Mr.  Weeks  mentions  the  fact  that  when  labour  can  be  obtained  in 
the  United  States  at  lower  rates  than  those  current  in  new  and  remoce 
districts  like  that  of  Lake  Superior  very  much  lower  prices  are  paid 
than  those  he  quotes.  Mr.  Weeks  illustrates  this  by  a  reference  to  tlie 
earnings  of  the  mining  class  in  the  Southern  States,  of  which  mention 
will  be  found  in  these  pages.  He  explains  this  by  stating  that  their 
work  does  not  require  the  skill  beyond  that  possessed  by  an  ordinary 
labourer.  My  own  enquiries  in  the  Southern  States  as  well  as  in  some 
of  the  Northern  led  me  to  conclude  that  in  many  cases  the  same  kmi 
of  labour  was  very  differently  paid  in  different  places,  cheaply  where  it 
could  be  so  produced,  dearer  when  where  it  could  not. 

The  second  of  the  two  articles  referred  to  concludes  as  foDowi.— 
"As  we  go  eastward  in  this  country"  (United  States)  •'and  com- 
petition, or  the  danger  of  competition  with  foreign  products,  beconw 
sharper  and  more  imminent,  wages  for  the  same  or  similar  work  de- 
crease. •  •  •  •  As  a  rule^  when  an  article  is  prodooed  in  thii 
country  at  the  same  cost  as  in  England  the  rates  of  wages  paid  the 
workmen  producing  it  are  the  ^ame  or  nearly  the  same  as  the  Englith 
wages,  and  as  the  American  cost  approximates  the  English  so  tbe 
American  wages  approximate  to  the  English  wages." 

I  am,  from  what  follows,  justified  in  supposing  that  this  langup 
is  intended  as  an  argument  for  the  maintainance  of  protective  dntis 
in  the  United  States.  If  this  be  true,  we  cannot  in  this  country  i 
plain  of  the  willingness  or  even  the  wish  of  the  consumer  there  to  fV 
the  manufacturer  an  enhanced  rate  for  his  products.    I  think  I 
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%t  the  Cleveland  miner  will  repudiate  the  doctrine  laid  dovm  in  a 
&rt  leader  of  the  issue  of  the  Philadelphia  Press  containing  one  of 
oommunications  and  to  which  apparently  special  attention  is 
Cited.  Speaking  of  Cleveland  the  editor  observes: — **It  ia  the 
wonderful  iron  and  coal  district  in  the  world.  Nature  has  en- 
dowed it  with  untold  riches,  yet  Free  Trade  has  forced  wages  down  to 
oint  where  the  workman  is  compelled  to  labour  for  the  common 
cessaries  of  life.  The  truth  is  that  under  Free  Trade  the  masses  in 
ftgland  have  steadily  grown  poorer  and  the  rich  richer." 
As  a  matter  of  fact  the  Cleveland  miners  know  perfectly  well  that 
Tnen  of  their  class  can  earn  nearly  double  the  money  received  by  their 
predeccissors  forty  or  fifty  years  ago  in  the  times  of  protective  duties 
10  this  conntry,  while  at  the  same  time  every  shilling  worked  for  to- 
ky  can  purchase  more  than  a  shilh'ng  could  do  before  tlie  repeal  of  the 
Dm  Laws.  But  whether  this  be  true  or  not,  our  miners  have  no  wish, 
m  the  language  of  the  newspaper  article  would  suggest,  to  have  the 
aries  of  life  enhanced  by  heavy  import  duties.  Indeed  their 
^nions  on  such  a  change  would  probably  not  be  found  to  differ 
iterially  from  those  entertained  by  the  agricuUural  population  on 
r.  Weeks'  side  of  the  Atlantic.  Not'  even  the  competition  offered  to 
Cleveland  miner  by  his  Belgian  or  German  rival  will  induce  him 
I  alter  his  views  on  this  question.  With  the  knowledge  that  some 
},000  tons  of  foreign  iron  ore  brought  into  this  country,  he  remem- 
,  that  in  one  shape  or  another,  more  than  one-half  the  pig  iron  made 
Great  Britain  is  exported,  where  it  has  to  meet  the  competition 
Itfjosc  countries  in  which  the  principles  of  Free  Trade  have  not  been 
Dptedi  and  where  wages,  contrary  to  the  doctrine  laid  down  by  the 
itor  of  the  Phikidelphia  Press,  are  veiy  niach  lower  than  they  are 
f  Great  Britain,  notwiLhatanding  its  Free  Trade  policy. 

I  refrain  from  quoting  the  circumstance  upon  which  the  opinion 
fthe  Philadelphia  newspaper  is  grounded,  that  *'a  frw  monopolists" 
Cleveland)  "live  in  princely  splendour  where  the  workman  la 
apelled  to  labour  for  the  common  necessaries  of  life,**    It  is  no- 
ions  at  the  present  moment  that  the  margin  of  profit  throughout 
I  Britain  is  a  very  small  one,  and  it  is  equally  tme  that  in  former 
f  of  prosperity  the  ironstone  miners  of  Cleveland  earned  as  high 
age  as  is  paid  in  the  mine  in  the  State  of  New  York  quoted  by 
r.  Weeks.  KK 
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SECTION  XVIIL 


THE  CHIEF  IRON-PEODUCING  COUNTRIES  COMPARED. 

Is  the  two  sections  immediately  preceding,  it  has  been 'attempted  to 
shew  that  while  our  immediate  neighbonrs  on  the  Continent  of  Europe 
obtain  the  labour  in  their  mines  and  iron  works  at  considerably  dieaper 
prices  than  those  current  in  Great  Britain,  the  iron-mastei9  in  the 
United  States  pay  their  workmen  at  much  higher  rates  than  thost 
prevailing  among  ourselves.  The  mere  ascertainment  however  of 
wages  in  various  countries  is  only  one  step  in  comparing  the  resonioes 
of  any  one  nation  with  those  of  others.  To  do  this  satisfactorily  in  the 
iron  trade,  we  have,  in  addition  to  the  cost  of  labour,  to  consider  the 
nature  of  the  natural  deposits  from  which  the  minerals  are  drawn,  the 
facility  and  consequent  economy  with  which  these  raw  materials  are 
extracted,  and  finally  the  position  of  the  markets  in  relation  to  the 
centres  of  production. 

Although  Sweden,  Russia,  and  Austria  are  not  without  a  oertaiD 
degree  of  importance  in  the  manufacture  of  iron,  our  attention  will  be 
confined,  among  European  nations,  to  Great  Britain,  Germany,  Bel- 
gium, and  France,  for  they  alone  occupy  conspicuous  positions  a» 
exporters  of  the  metal.  Compared  with  its  vast  mineral  resources  the 
United  States  have  up  to  this  time  made  but  little  progress  in  dealing 
with  markets  outside  their  own  limits.  Having  regard  however  to 
the  fact,  that  North  America  has  risen  with  unprecedented  rapidity  to 
the  rank  of  being  the  second  iron-making  nation  in  the  world,  these 
resources  will  demand  careful  consideration;  for  upon  their  geo- 
graphical position  and  character  will  depend  the  ability  of  the  United 
States  to  meet  European  nations  in  the  markets  of  the  world. 

Reference  has  already  been  made  to  the  competition  offered  by  to 
Continent  of  Europe  to  the  iron  trade  of  Great  Britain.     This  is  ook 
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ily  ^coanfcered  in  neutral  markets,  but  something  like  812,000  tona 
of  manufactured  iron  and  steel  were  actually  imported  into  the  United 
Kingdom  iUelf  in  the  year  1882,  chiefly  from  Germany  and  Belgium, 
In  order  to  exhibit  the  nature  of  the  development  of  Germany  as 
exporting  nation  the  following  figures  are  given  for  the  seven  years 
ing  with  1882:— 


Hid 


£xpoiUtroralh«ZoUYer«io   1876. 

im. 

1873. 

18f^. 

\m 

1831. 

1883. 

Tom. 
Pir  *rid  •ct*p  Iron,  peddled 

ToDft. 
360.015 

Toai. 
410,231 

TttM. 

426J15 

Touft 
3111&6 

Tom, 
345.027 

Tom. 
275.0&4 

Ifonuidiieel     ,.        ,.31ftJ29 

507,  Q« 

66»,378 

651653 

G6iOU 

77a874 

n^3B5 

Mmehlnaj      ..        „        ..    40,M3 

41,871 

75.111 

63v«37 

5X137 

e5.6l7 

U,634 

^W              Tutdi..                  ..G58,366 

n&,m 

l,OHeiJ» 

1.041.906 

1.040.315 

1.184M8 

l,13i.l0> 

The  exports  from  Great   Britain,  Belgium,  and  France,  for  the 
last  of  these  year?»  1882,  were  as  follows : — 


Oroftt  BritatiL 
Ton* 
Pig^  troD,  puddled  bars^  and  it«el  ingots  . ,     1,042.582 

Iron  and  sU-ol       2,407,715 

Machinery,  roughly  estiinfttcd  fro  m  vol  ucs*       478,50n 


Toua. 

24,708 

4^40,129 

64,627 


Fnuioe, 
Tona. 

3ti.G04 
32,908 


Totals 

Voltte  of  the  tnachinery  exported 


4,828,803         529,464         137*741 


,.,£11,962,660  £1,615,675      £977,715 


I  have  endeavoured  to  draw  up  a  statement^  of  the  weight  of  iron 
exported  from  the  United  States,  but  this  from  the  way  in  which  the 
3unt8  are  kept  must  only  be  regarded  as  a  very  rough  approxima- 
&n.     In  it  I  have,  as  in  the  case  of  Great  Britain,  Belgium,  and 
ince,  assumed  £25  per  ton  as  the  value  of  tlie  exported  machinery, 

im.       im.       1878.       is7^.        1880,      mi, 

IreQ  uul  iteel  of  aX\  klnda,  weights 

given  in  net  tons  of  2,000  lb».  15,416    23,559    20,406       9,867      8.416     13,219 

nluTicrjf  indiiding  of^icultnral 
*  ifn  file  men  U.  eHtiuitited  weight 
in  ton»  of  2,000  lbs....         ...121.506  156,-189  137,374  13O,0LS  132,721  160,60,> 


Keitoos    ... 


,136,922  180,048  157,780  139,885  141,137  173,824 


*  Tho  ci:r  iinaios  aro  baa«d  on  the  asjitiinption  of  tho  average  value  of  ilie  n^aehinery 
(ng  £25  jJCT  Urn. 

I  *CuuipUod  from  figures  furuUlied  by  Mr,  J.  S,  Jt-nns,  Secretarv  of  Iron  Trado 
i:!jLtiiun. 
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Notwithsfcanding  the  mere  approximate  character  of  this  estimato 
it  seems  quite  certain  that  in  spite  of  the  higher  wages  paid  in  the 
United  States,  the  exports  of  that  class  of  goods  in  which  labour  most 
largely  enters  occupies  a  very  prominent  position;  the  amount  of 
machinery  being  apparently  larger  than  that  of  the  united  quantities 
sent  from  Germany,  France,  and  Belgium.  This  speaks  very  fevoursMj 
either  for  the  labour  saving  machines  employed  in  the  constmcljoii  of 
the  machinery,  or  for  the  superior  excellence  of  the  articles  exported. 
Possibly  both  these  advantages  may  play  a  part  in  securing  for  the 
American  manufacturer  so  large  a  share  of  the  world's  custom  in 
mechanical  appliances.  The  value  of  the  articles  exported  annually 
during  the  six  years  given  above  ranges  from  £3,000,000  to  £4,000,000 
against  perhaps  something  like  £2,500,000  from  Germany,  France, 
and  Belgium. 

The  vast  extent  of  the  exportation  from  Germany  might  reasonably 
lead  to  the  inference  that  in  the  Zoll  Yerein  we  had  a  formidable  rival 
in  economy  of  production.  I  am  not  prepared  to  say  that  in  periods 
of  moderate  prosperity  a  considerable  trade  may  not  be  carried  on  hj 
the  German  manufacturers,  and  this  in  some  cases  with  a  fair  amoont 
of  profit.  When  however  the  article  to  be  supplied  is  steel  rails  taken 
in  large  quantities,  such  as  those  required  by  the  Italian  railways,  at 
the  low  prices  which  often  prevail,  it  was  formerly  impossible  to  avoid 
a  considerable  loss  falling  to  the  share  of  the  Westphalian  and  Belgian 
houses  who  compete  with  the  English  makers.  About  thi^e  years  ago 
the  quotations  for  a  particular  order  were,  from  a  Westphalian  firm 
£5  2s.  Cd.,  from  an  English  house  £5  2s.,  and  from  a  Belgian  company 
£5  Is.  Gd.,  delivered  at  an  Italian  port.  At  that  period  I  believe  the 
native  pig  iron  used  in  the  manufacture  of  ingots  by  the  three  com- 
petitors was  largely  smelted  from  Spanish  ore.  Practically  the  sea 
transport  was  the  only  charge  between  Bilbao  and  the  works  of  the 
firm  who  sent  the  English  quotation  referred  to.  So  far  as  ocean 
freight  is  concerned,  England  stands  in  a  somewhat  more  favourable 
position  than  Rotterdam  or  Antwerp,  at  which  ports  the  ore  is  receiT^d 
for  the  Westphalian  and  Belgian  works.  Without  claiming  however 
any  advantage  in  respect  to  this  item,  the  conveyance  of  a  ton  of  ore 
from  Rotterdam  to  Westphalia  costs  about  5s.,  equal  to  about  1S&  on 
every  ton  of  rails.    To  this  has  to  be  added  ds.  6d.  for  the  tnuupoii 
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im] 


of  the  rails  for  eliipment  at  the  ioadinsif  port,  sc>  that  the  German  maker 
is  thu8  placed  at  a  disadvantage  of  nearly  20s.  per  ton  as  compared 
with  his  rival  iu  England.  Kow  the  total  cost  for  labour  on  a  ton  of 
ils,  from  the  ore  to  the  finished  article,  is  not  such  as  to  adLiiit,  with 
be  cheaper  labour  referred  to  at  page  573,  of  more  than  a  mere 
taction  of  this  20b.  of  distid vantage  being  recovered. 

Of  course  when  the  steel  rails  produced  in  Germany  have  to  be 
aployed  for  the  convenience  of  the  German  pe<jple,  the  German  rai!- 
oaker  enjoys  considerable  advantages  as  compared  with  his  British 
competitor.  It  will  cost  the  latter  about  12s.  per  ton  to  deliver  his 
ails  at  the  door  of  a  Westphalian  rail  mill,  in  aildition  to  which  an 
'import  duty  of  25s,  per  ton  haa  to  be  paid,  raising  thos  the  additional 
burden  to  be  borne  by  the  English  producer  to  378.  per  ton. 
^^  The  unprofitable  nature  of  the  export  trade  carried  on  by  Germany 
^^m  steel  rails  in  times  of  low  prices  may  be  inferred  from  the  action  of 
her  own  manufacturers.  About  the  time  at  which  the  transaction 
referred  to  occurred^  their  government,  moved  hj  the  representations  of 
their  inability  to  compete  with  English  houses,  imposed  heavy  duties 
on  all  those  classes  of  raw  and  manufactured  iron  which  for  some  years 
past  had  been  admitted  duty  free.  The  insult  of  this  has  been  that  the 
German  consumer  pays  40s.  or  50s.  per  ton  above  the  price  obtained 
by  the  German  rail-makers  in  their  expt>rt  trade.  Thus  the  home 
consumer  was  not  only  called  upon  to  pay  the  manufacturer  a  profit 
npon  what  is  required  for  domestic  tise,  bat  he  has  to  make  good  a  loss 
incurred  in  rails  or  other  articles  for  foreign  countries.  The  duties 
levied  on  iron  and  steel  entering  the  German   ZoU  Verein  are  m 

foUoWB  : — 

iPlglwu.  Boa«rPhai*,      lxo%iiS'W       8U*lId«ot«.  Ste^lBiOJiL 

lOs.  aOs.  20s.  I&B.  25i. 

Ooal  and  u-on  ore  are  imported  duty-free. 
The  charges  of  conveying  ore  to  a  Belgian  ironwork,  and  of 
iaking  the  rails  back  to  Antweip,  are  less  than  to  Westphalia ;  but 
on  the  other  hand  coal  c**^sta  more  in  Belgium  than  in  Germany,  so 
that,  from  this  circumstanco,  the  positions  of  the  two  are  probably 
nearly  equalised. 

In  respect  to  the  importations  of  iron  into  Great  Britain  from 
Germany  and  Belgium,  to  which  reference  has  been  made  in  the 
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present  section,  I  am  inclined  to  think  that  the  cost  of  mannfactme 
at  the  works  is  actually  something  under  that  at  which  English  houses 
with  their  more  highly  paid  labour  can  produce  the  artides  in  question. 
Admitting  any  difference  arising  from  this  cause  to  be  considenblj 
less  than  the  cost  of  sending  the  articles  usually  dealt  with  to  a  British 
port,  it  must  yet  be  recollected  that  the  British  manufacturers  do  not 
pay  much  less  than  the  German  or  Belgian  makers  for  transport  fix)m 
their  works  to  the  port  of  reception,  which  is  usually  London. 

So  far  as  skill  in  the  conduct  of  the  various  metallurgic  operations 
themselves  is  concerned,  I  have  never  heard  it  pretended,  and  I  ha?e 
failed  to  discover,  any  superiority  in  the  practice  of  foreign  mannfao- 
turers  over  ourselves.  Mention  has  been  made  in  these  pages  howeTer 
of  the  greater  readiness  displayed  by  foreign  workmen  in  assisting 
to  economise  production  by  the  adoption  of  certain  labour-saving 
machines,  as  compared  with  their  English  rivals.  Mechanical  puddling 
was  given  as  an  instance  of  this.  The  mechanical  drills  for  working 
ironstone  may  serve  as  another.  I  would  not  have  it  inferred  that 
there  has  been  an  actual  refusal  on  the  part  of  the  English  woAmen 
to  use  the  means  which  mechanical  inventions  have  offered  to  lighten 
their  labours,  much  less  that  there  was  any  want  of  skill  in  their 
management  or  application.  There  has  however  been  a  want  of  that 
ready  co-operation  on  the  part  of  the  men  which  tends  bo  mnch  to 
facilitate  the  development  of  new  processes.  Certainly  in  the  two 
inventions  just  referred  to  this  has  been  the  case.  It  was  evinced 
either  by  an  unwillingness  on  their  part  to  perform  the  work  at  lower 
wages  than  those  paid  for  the  less  expeditious  and  more  laborions 
system  of  hand  labour,  or,  by  not  availing  themselves  of  the  foil 
advantages  in  point  of  amount  of  work,  which  the  machines  are  capable 
of  affording. 

The  observations  made  respecting  the  exportation  from  Germany 
of  steel  rails  in  the  year  1879  are  no  longer  fully  applicable  to  the 
transactions  of  the  present  day.  The  works  in  the  Rhenish  pro- 
vinces, although  deficient  in  ores  sufficiently  free  from  phosphorus  for 
Bessemer  steel,  can  be  supplied  on  very  moderate  terms  with  Luxem- 
burg ironstone  or  with  Luxemburg  pig  iron.  The  dearer  ores,  foreign 
and  domestic,  required  for  Bessemer  iron  raised  the  cost  of  the  latter 
about  30s.  per  ton  above  the  less  pure  iron  obtained  horn  ores  lib 
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}f  Luxemburg.  On  the  other  hand  on  the  banks  of  the  Tees  the 
iBnce  of  cost  between  the  two  kinds  of  iron  is  not  much,  if  indeed 
imythiog,  above  one-third  of  the  sum  just  mentioned.  When 
bre  Mr,  E.  Windsor  Kicharda  had,  by  his  intelHgence  and  per- 
^nce,  demonstrated  at  the  works  of  Messrs.  Bolckow,  Vaughan,  and 
limited,  the  practicability  of  freeing  pig  ii-on  from  its  phosphorus 
r  Basic  process,  he  placed  the  Westphaliiin  makers  in  a  better 
on  to  compete  with  the  works  of  his  own  company  at  Eston  by 
ihing  like  208.  per  ton,  than  they  were  prior  to  the  introdaction 
g  recent  invention.  It  is  of  course  this  great  difference  betwean 
>6t  of  Bessemer  and  phosphoric  pig  that  has  stimulated  the  more 
al  adoption  of  the  basic  process  in  Genuany  as  compared  with 
}  Britain ;  for  it  is  natural  to  suppose  that  a  difference  of  ;iOs. 
m  between  the  two  kinds  of  pig  iron  affords  a  much  better 
kiinity  of  meeting  the  expense  attending  the  basic  process  than 
ihe  10s.  alluded  to  as  constituting  the  margin  between  hematite 
ihosphoric  pig  in  the  Oleveland  district. 

I  illustration  of  the  different  position  now  occupied  by  the 
ish  provinces,  as  compared  with  former  times,  I  copy  a  published 
I  of  the  quotations  fur  9,000  tons  of  steel  rails  contracted  for 
ds  the  dose  of  1883  to  be  dehvered  at  Civita  Vecchia  in  Italy, 
ttamea  of  the  firms  who  sent  in  the  tenders  are  given,  but  it  is 
gEB  to  reproduce  them  here  : — 


£     •.     d. 

Fi'Ciich  Cuinpaiiy  near  St.  Etictine 

6  18    64 

Bclgiun  C 
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5  18    51 
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According  to  the  return  furnished  to  me^  the  net  price  after  payiiif 
railway  dues,  sea  freight,  insurance,  commission,  and  loss  in  exohaiig<^ 
leaves  £4  lis.  2^d.  at  the  works  to  the  English  house  which  quoted 
£5  8s.  0|d.,  whereas,  according  to  a  newspaper  report,  the  sacoesfal 
competitor  would  obtain  net  at  the  mill  £4  3s.  8^  This  is  lower 
by  7s.  lid.  than  the  figure  quoted  by  the  English  firm,  and  I  donU 
whether  in  point  of  fact  the  actual  difference  is  not  more  than  thi^ 
probably  nearer  12s. 

Having  dealt  in  this  somewhat  general  way  with  the  questioD 
before  us,  it  is  now  proposed  to  consider  the  relative  costs  of  the 
minerals  employed  in  the  manufacture  of  iron,  the  facilitks  witik 
which  they  are  brought  together,  and  how  the  produce  has  to  be 
delivered  to  the  consumer. 

There  are  two  ways  of  looking  at  the  price  of  a  mineral  as  it  eaten 
into  the  cost  of  the  metal.  It  may  either  be  calculated  according  to 
the  actual  expense  incurred  in  raising  and  delivering  it  at  the  inn 
works,  or  it  may  be  reckoned  according  to  the  market  price.  Hie 
latter  is  perhaps  the  more  convenient  way;  firstly,  because  manj 
manufacturers,  not  being  mine  owners,  purchase  the  coal  and  ore  thej 
require,  and  secondly,  because  the  market  prices  being  matters  of 
public  notoriety,  use  can  be  made,  in  any  estimates,  of  such  infomift- 
tion,  without  disclosing  communications  of  a  private  nature  with 
which  I  have  been  confidentially  entrusted.  At  the  same  time  it  wiB 
be  my  endeavour,  during  the  course  of  the  enquiry,  to  show  the 
relative  positions  of  different  localities  by  stating  them  in  the  oom- 
parative  form  abready  adopted  in  these  pages,  and  to  give  sudi  farther 
information,  when  I  am  at  liberty  to  do  so,  as  will  assist  me  in  the 
object  in  view. 

It  should  further  be  remarked  that,  the  manufacture  of  iron  betn; 
carried  on  under  such  a  variety  of  conditions  in  the  same  connti7,the 
cost  of  producing  the  pig  may  vary  by  10s.  to  20s.  or  even  more  per 
ton.  These  differences  must  of  course  always  constitute  a  diflScultj 
in  settling  the  amount  of  those  protective  measm^s  which  are  intended 
to  shut  out  all  foreign  competition.  As  an  example  we  may  take  the 
present  condition  of  the  American  iron  trade.  Stimulated  by  high 
prices  and  large  profits  the  powers  of  production  are  now  &r  beywd 
the  necessities  of  the  country.    In  consequence  many  fhmacea— ahoft 
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e-hajf  of  the  whole — which  are  unable  to  compete  with  those  more 
favourably  situated  have  been  extinguished.^  lias  the  import  duty  to 
te  arranged  for  the  protection  of  tbe  weaker  portion  ?  If  m,  it  is 
E>ra  tlmn  Biifficicnt  for  the  stronger ;  if  security  is  only  to  be  afforded 
the  lattof  then  the  former  must  go  to  tbe  wall. 
To  show  more  exactly  the  extent  of  the  difficulty  referred  to,  1 
re  lately  eacamiued  an  account  issued  by  an  iron*makiug  firm  in  the 
itbern  States,  from  which  it  would  appear  that  their  pig  is  costing 
lOd,  per  ton  at  tbe  works  with  an  immediate  profipect  of  seeiug 
^reduced  to  about  428,  4d.  In  the  Northern  seats  of  the  iron  trade 
blast  furnace  must  be  pretty  well  situated  to  be  able  to  deliver  it* 
iuoe  at  something  like  Sua.  a  ton  above  the  last-mentioned  figure. 
On  my  return  from  the  United  Spates  in  1874^  in  a  paper  pre- 
"ptred  for  the  Iron  and  Steel  Institute/-  I  mentioned  that  the  then 
**  comparatively  undeveloped  resources  of  Tennessee,  Georgia  and 
jUabama  will  prove  a  match  for  any  part  of  the  world  in  the  produc- 
of  cheap  iron."  The  language  of  the  report  just  referred  to 
buld  indicate  that  some  considerable  advance  has  already  been  made 
I  tlie  direction  in  question,  Eecently  my  attention  has  been  drawn 
,  a  confirmatory  opinion  expressed  by  no  less  an  authority  than 
friend  the  Hon,  Abnim  S.  Hewitt,  of  New  York.  Speaking  of 
ibama  he  says : — "  It  is  in  fact  the  only  place  upon  the  American 
fcinent  where  it  is  possible  to  make  iron  in  competition  with  the 
^p  iron  of  England,  measured,  not  by  the  wages  paid,  but  by  the 
iber  of  days*  labour  which  cuter  into  its  production*^  In  Alabama 
the  coal  and  the  ore  are  in  many  places  within  half  a  mile  of  each 
er,  and  the  cost  of  the  iron  is  only  about  ten  days  labuur  to  tbe 
^n,  or  not  far  from  the  labour  cost  in  Cleveland.  Throwing  aside 
all  questions  of  tarifis  for  protection,  here  is  a  possibihty  upon  the 
American  Continent  of  producing  iron  at  as  low  a  cost  in  labour  as  in 


'  FVUKKCJES  IN  AKI>  orT  OP   BLAST  VS  TUE  UkiTKD  StATKS* 

InBlwt.  Out.  Total.       Peft^^otftge  out  Ol  blavl. 

18SI  ...         ,..  455       ...       2J61         ,..         716         ...  36'% 

1882  ...         ...  417       ...       270         ...         687         ..,  39*3 

Flntt  0  months,  18S3  334       ...       354         ...         6SS        ...  51-4 

^Report  of  Directtira  of  Iron  and  St^el  Works  AssociAtion  of  Vlri^nia. 

•  TronsiicUonB,  1875,  Ko.  1. 

*  It  remmuR,  I  apprijlietid,  Uy  be  proved  tbat  T<*nnes«ee  and  Georgia  may  not  W 
nble  Ui  ccmt|)cte  with  Alubuuui  iti  cheaptiej^s  of  production.— !,  h,  B, 
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the  most  favoured  region  in  the  world,  and  allowing  for  the  ezpcne 
of  transportation  to  compete  with  them,  paying  a  higher  average  nte 
of  wages  than  is  paid  in  Great  Britain,**^ 

If  the  statistician,  fifty  or  sixty  years  ago,  had  proposed  tx)  himadf 
the  solution  of  the  problem  contained  in  the  heading  of  the  present 
division  of  this  work,  he  would  have  had  to  deal  with  &ctors  of  veij 
different  values  to  those  involved  in  its  consideration  at  the  pree^  d^. 

Selecting  a  railway  bai*,  as  the  largest  single  object  of  maniiCEK:tore» 
for  the  purpose  of  examination,  we  have  an  article  one  ton  of  which  ib 
Scotland,  anterior  to  the  introduction  of  hot  blast,  would  have  coDSomei 
for  its  production,  10  to  12  tons  of  coal  in  the  blast  fomaoes,  forger 
and  mills.^  Besides  this  wasteful  expenditure  of  fuel,  something  lib 
one-third  of  the  metal  contained  in  the  ore  at  that  time  never  madeiti 
appearance  in  the  final  product,  but  was  tipped  over  the  spoil  heq>  !■ 
the  forge  and  mill  cinders. 

In  place  of  this  extravagant  use  of  raw  material,  railway  ban  rf 
steel  are  now  turned  out  with  a  total  consumption  of  about  2^  tonfl  rf 
coal,  and  practically  all  the  metal  in  the  ore  is  delivered  to  the  ooi- 
sumer  in  the  rail  he  buys. 

From  what  has  been  advanced  in  these  opening  remarks,  it  ii 
obvious  that  the  relative  position  between  two  iron-prodncingcoontM 
has  been  entirely  altered  by  the  changes  referred  to.  In  the  case  of  i 
nation  having  cheaply  worked  and  favourably  situated  coal,  the  iroi 
manafacturcr  there  would  have  formerly  enjoyed  an  advantage  ovff  t 
less  favourably  placed  rival  measured  by  the  difference  of  cost  on  eadi 
ton  of  fuel,  multiplied  by  10  or  12  tons  instead  of  by  2^  tons.  In  lib 
manner  a  nation  possessing  cheaper  ore  than  another,  having  legaid 
to  the  content  of  iron  in  each,  suffers  somewhat  by  any  economy  ib 
the  waste  of  the  metal  it  contains.  Thus  if  4  tons  of  ore  at  lOs.  per 
ton  were  required  to  produce  1  ton  of  iron  rails,  we  have  40b.  as  U» 
value  of  the  ore  consumed.  AgainsD  this  let  us  assume  the  case  of  ti 
ore  of  the  same  richness,  but  costing  only  6s.  per  ton,  and  this  on  4 
tons  gives  24s.  only,  or  an  advantage  of  16s.  on  the  ton  of  rails.    But 

»  "  Tho  HiU  Country  of  Alabama,"  1878,  p.  37. 

'  I  think  no  iron  raiLs  were  at  that  time  made  in  Scotland.  The  estimate  tfcvf 
fore  is  based  on  the  consumption  of  coal  in  the  blast  f omacea  to  which  an  additisB 
ia  made  for  puddling  and  miU  work. 
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e  progress  which  has  been  made  In  the  manufacture  diminisbeB 
consumption  of  ore  to  8  tons  per  ton  of  rails,  tliis  difference  of  ICs. 
be  reduced  to  one  of  128,  per  ton  on  the  final  })roduct. 
Thia  more  fa%*ourable  position  in  resiiect  to  the  raw  materials  em- 
ed  in  the  manufacture  of  iron,  as  described  in  the  la&t  pamgiitpb, 
as  a  whole  perhaps  l>e  claimed  bj  Great  Britain;  but  as  a  set  off, 
British  iron  mastei'a  labour  under  the  disadvant^e  of  dearer 
or  as  compared  with  their  continental  compct  itoi-s.  The  alterations 
spcfken  of  in  the  mode  of  producing  rails  have  on  the  other  hand 
rated  in  favour  of  the  maker  in  our  own  country;  because  the 
imit  of  labour  to  produce  a  given  quantitj  of  the  object  in  question 
t  one-half  what  it  was  half  a  century  ago.  In  consequence  of 
change  any  economy  efiected  by  cheaper  labour  on  the  Continent 
been  correspondingly  reduced.  It  must  thus  be  admitted  that  the 
idlfng  furnace  of  Ci>rt,  Neilson's  discovery  of  the  hot  blast,  the 
lesbrough  enlar«:ement  of  the  blast  furnace^  Bessemer'a  pneumatic 
for  making  steel,  and  the  application  of  the  Basic  process 
e  Bessemer  converter — all  British  mventions — have  tended  to 
inish  the  distance  which  separated  this  conn  try  from  Continental 
ope  in  cheapness  of  production.  On  the  other  hand  it  is  equally 
that  the  economy  effected  by  means  of  the  discoveries  just 
merated  has  extended  the  use  of  iron  in  its  various  forms  to  a 
point  which,  under  the  mode  of  manufacture  pursued  less  than  lOO 
jears  ago,  would  have  been  perfectly  impossible. 

Whatever  historical  interest  a  comparison  of  the  past  and  present 
of  the  iron  trade  may  have,  the  question  is  less  important  than 
that  which  connects  itself  with  the  future.  The  ejctent  to  which  the 
conBttmption  of  fuel  and  the  waste  of  metal  has  been  reduced  leaves  a 
greatly  diminished  margin  for  further  economy :  indeed,  as  regards 
jj[aate,  the  loss  in  the  manufacture  of  a  steel  rail  may  be  regarded  as 
'ectiy  insignificant.  Small  as  is  the  weight  of  fuel  which  enters 
the  production  of  steel  rails,  it  may  be  well  to  consider  shortly  the 
pect  there  is  of  any  notable  reduction  in  the  present  quantity 
floyed. 

Beginning  with  the  blast  furnace  I  showed,  in  a  paper  read  before 
Iron  and  Steel  Institute,^  that  out  of  i'2'32  cwts.  of  coke  requited 
Iting  Cleveland  ironstone  a  quantity  of  heat  was  carried  off 
*  TriknsaciionA,  1S83,  No,  1.  p.  130, 
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in  the  escaping  gases  equivalent  to  2'2I  cwts.  per  ton  of  pigini 
made,  or  equal  to  9'9  per  cent,  of  the  whole.  This  observation  im 
made  in  connection  with  a  furnace  containing  11,500  onbic  feet;  ta 
I  found  in  the  same  furnace  that  the  loss  upon  another  occasion  ftua 
this  cause  was  reduced  to  6'21  per  cent.  By  the  use  of  a  iiimaoe  eos- 
taining  35,018  cubic  feet  at  the  Ormesby  works  of  Messrs.  Oochrue 
I  ascertained  this  loss  in  the  escaping  gases  to  be  7  per  cent  of  thi 
entire  heat  evolved.^  So  far  then  as  loss  from  this  particular  CKomu 
concerned,  ic  may  be  inferred  that  there  seems  little  hope  of  uaeod- 
ment.:  indeed  in  Section  Y.,  pp.  74  et  seq.  I  gave  my  reasons  at  vm 
length  for  concluding  that  heat  is  evolved  in  the  upper  portion  of  tk 
furnace,  that  is  in  the  reducing  zone,  by  the  generation  of  carfaooit 
acid,  and  that  this  takes  place  too  near  the  escaping  point  of  the  gun 
to  permit  its  complete  absorption  by  the  descending  solid  contents  of 
the  furnace.  It  is  quite  true  that  upon  some  occasions  the  eleratioi 
of  temperature  due  to  the  cause  just  referred  to  appears  to  be  abKot; 
but  this,  I  apprehend,  only  happens  when  an  excess  of  moistoie  ■ 
present  in  the  materials,  and  then  an  addition  to  the  fuel  consamel 
is  required  for  its  evaporation. 

As  I  have  pointed  out,  in  Section  YI.,  all  the  expectations  wbidk 
were  at  one  time  entertained  of  reducing  the  consumption  of  ftael  bfi 
great  addition  to  the  temperature  of  the  blast  are  not  likely  to  be  rest 
ized.  These  expectations  were  based  on  the  idea  that  some  appmck 
to  the  saving  which  had  been  effected  by  the  first  addition  of  60(f  F. 
to  the  air  entering  the  furnace  would  be  realised  by  a  farther  like  ii- 
crease  of  temperature. 

Yery  little  consideration  of  the  subject  must  convince  ns  of  tte 
fallacy  involved  in  such  an  opinion.  If  we  assume  the  reqaireffleoH 
of  a  well  appointed  modem  furnace,  smelting  Cleveland  or  oUxr 
analogous  mineral,  to  be  86,000,  or  any  other  number  of,  Centigndi 
heat-units,  it  is  easy  to  calculate  what  temperature  the  air  must  hsis 
to  supply  this  quantity  of  heat  when  burning  any  given  qoanti^rf 
carbon. 

The  amount  of  heat  capable  of  being  afforded  by  the  comboitiM 
of  the  coke  in  a  blast  furnace  with  air  at  0°  C.  (82*^  F.),  or  indeed  at 
any  other  temperature,  depends  of  course  on  the  proportion  wbUi  ctt 
be  burnt  to  the  state  of  carbonic  acid.    In  practice  however,  u  loot 

^  Transactions  of  Mechanical  Enfi^iieanh  August,  1882,  No.  8^  p.  808. 
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'  otit  of  8*22  UDils  of  carbon  burnt,  we  have  1  anit  in  tlie  state  of 
511  ic  acidj  the  redaction  of  the  oxide  of  iron,  as  it  exists  in  Cleve- 
calcined  ore,  is  susfiended.     Basing  my  calculationg  on  this  view, 
estimated  tho  temperature,  the  blast  must  have  to  supply  the  differ- 
to  make  up  tlie  86,000  calories  giren  as  the  total  quantity 
Hiired.    At  pp,  89  ^/  seq,  the  reasons  are  given  fur  believing  that 
bomiog  16  cwts*  of  carbon  in  the  manner  jnst  described  Ol  of 
COj  and  222  t^  CO)  the  blimt  will  require  to  have  a  temperature 
)0°  C.  (1,052^  F.).    This  quantity  of  carbon,  with  ash,  moisture 
[carbon  absorbed  by  the  iron  means  theoretically^  fully  38  owts.  of 
ton  of  iron  produced  from  an  ore  of  the  Cleveland  type. 
Cochrane  claim  to  have  made  a  ton  of  iron  with  187  cwts. 
and  with  the  blast  at  1,406"^  F.  in  a  furnace  of  35,013  cubic 
but  when  I  was  permitted  to  examine  the  process,  the  con- 
^iion  amounted  to  19-G9  cwts.,  the  air  being  heated  to  1,507^  F.* 
Notwithstanding  the  low  rates  of  consumption  disclosed,  by  this 
mentioned  instance,   1   am  not  very   san^ine  of  their  being 
itained  under  all  circamatances  over  a  long  period  of  time.     Mn 
rdon.  in  a  paper  read  before  the  Iron  and  St^el  Institute,^  gives 
}  particulars  of  a  furnace  under  his  management  at  Newport,  near 
Uesbrough,  containing  2S),410  cubic  feet.    The  average  tempera- 
of  the  blast  over  seven  weeks  was  1,328*^  F.,  and  the  coke 
timed  was  reduced  to  22*3  cwts.  per  ton  of  foundry  iron. 
The  best  return  I  have  from  a  furnace  using  hematite  ore  shows 
a  blast  of  1,S00^  F.  a  consumption  of  about  20  cwts.  of  coke  per 
r»f  pig,  which  for  a  rich  material  and  a  cunsequent  low  production 
flag  is  not  an  extraordinary  rate  of  working  when  compared  with 
I  practice  in  Cleveland. 

iKeglecting  thcrefoi'e  exceptional  cases,  and  bearing  in  mind  the 

■cnlty  of  maintaining  the  air  at  the  higher  temperatures,  I  am  not 

ired  to  give  ho{>es  that  we  shall  see  the  coke  used  in  smelting 

V^chvnd  iron  permanently  redc^^ed  IjcIow  21  cwts.,  nor  in  hematite 

below  ID  cwts.  p.T  ton.     Should  this  surmise  turn  out  to  be 

there  is  evidently  nothing  to  render  it  probable  that  the 

iP^T*^  hj  Mr,  Chaflet  Cr)cbmne,  Tran,  In»t-  Mccli.  EngtoecrsT  Augost,  1862, 

n  Oh  a  \i9i\ier  liv  Mr,  Cliarle*  Cocliraiic»  Trans.  In«t.  HecU.  Eogine^gy 
i...  ,     J,  No.  3.  pp.  307  and  308. 
I'Tmti*,  Ifoii  accl  St^l  liutitiitc,  1883,  No.  1,  p.  101. 
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present  relations  of  different  nations  can  he  materially  affected  br  anj 
future  changes  in  the  manufacture  of  pig  iron,  eo  far  sa  the  consumptioo 
of  foe!  is  concerned. 

In  Section  XL  fp.  315  et  $fq.)  the  use  of  raw  coal  in  the 
furnace  is  considered  as  a  question  of  heat  development.     It 
useful  in  a  section  devoted  more  particularly  to  the  economic  aspect  rf 
the  subject  to  say  a  few  words  on  this  form  of  combustible. 

The  inconveniences  attached  to  employing^  the  fuel  in  the  form  of 
coke,  as  produced  in  the  ordinary  bee-hive  oven,  are  as  follows  :— 

a. — The  loss  of  a  portion  of  the  fixed  carbon^  amounting  to  aboot 
10  per  cent,  of  the  whole. 

b. — The  combustion  of  this  carbon,  together  with  that  of  the  com- 
bustihle  giises  of  the  coa!>  of  which  a  small  portion  onlj  tt 
utilised  in  the  distilkbion  of  the  volatile  portions  of  the 
fad, 

r, — The  loss  of  certain  volatile  products,  viz,,  condcmsable  hydm- 
carbons  and  compounds  of  anmionia. 

d, — The  loss  of  interest  on  the  capital  invested  in  coke  ovens  iftJ 
the  wages  and  other  expenses  connected  with  the  process  of 
coking. 

The  fact  that  whenever  the  quality  permitted,  the  coal  is 
in  the  raw  state  in  the  blast  furnece,  may  be  accepted  as  a  proof  of 
the  ^Teater  economy  of  this  mode  of  procedure  as  compai^  with  xmg 
it  in  the  form  of  coke. 

According  to  ex^x^riment^l  research,  a  given  weight  of  coal  iW 
coke  has  approximately  the  same  value  in  a  heat  producing  point  tjf 
view,  when  botli  are  completely  oxidised.  I  have  had  this  verified  bf 
the  daty  performed  by  the  two  kinds  of  iuel  in  a  locomotive  engiir. 
The  experiments  were  extended  over  fourteen  days,  using  the  aa» 
engine,  and  carrying  tlie  game  loads  over  the  same  country. 

It  has  been  shown  in  Section  XL  however  that  matters  are  eatirelt 
changed  \^hen  raw  coal  is  used  in  the  blast  furnace;  for  it  appeiu 
(page  SI 8)  that  when  Pmoltiug  with  coal  an  ore  somewhat  richer  Unn 
the  Cleveland,  but  using  the  same  quantity  of  limestone,  22'6^imU} 
of  fixed  carbon  in  the  coal,  equal  to  about  24^5  of  good  Durham  eoke, 
Bre  required  to  smelt  20  units  of  iron. 
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doubt  the  loss  of  fixed  carbon,  as  mentioned  under  a  when 
ng  of  the  bee-hive  ovens,  is  here  avoided;  but  it  will  be  observed 
page  319),  that  out  of  about  110,000  calories  24,560  calories  are 
rbed  in  expelling  the  gasea.  Against  this  loss  must  l)e  set  the 
of  the  volatile  portion  of  the  coal  which  is  applicable  fur  raising 
and  for  many  other  purposes. 
If  however  everything  is  taken  into  account,  there  is  no  doubt, 
omitting  the  value  of  the  tar  or  other  hjdro-carbons  and  the 
ammoniacal  compounds  in  both  cases,  that  the  use  of  raw  coal  is  more 
eoonomical  than  that  of  coke,  obtained  from  coal  charged  at  the  same 

In  recent  years  however,  as  was  stated  at  page  314,  Messrs,  Baird 
^Kbe  Gartsherrie  works  have  succeeded  in  condensing  the  ammonia 
Sa  hydro-carbons.  According  to  a  notice  which  appears  in  the 
rransactions  of  the  Iron  and  Steel  Institute,'  the  net  value  of  these 
jompounds,  at  present  prices,  is  equal  to  3s,  2d,  per  ton  of  coal 
employed,  or  about  tJs.  on  the  iron  produced*  If  this  be  true,  the 
Scottish  ironmaster  may  be  said,  so  far  as  net  cost  is  concerned,  to  be 

Kto  make  his  iron  without  any  outlay  for  fuel,  i.e.,  so  long  as  the 
products  in  question  can  command,  in  face  of  a  greatly  increased 
kyjtion,  their  present  prices. 
So  far,  the  comparison,  economically  speaking,  between  coke  and 
coal  has  been  on  the  supposition  that  the  former  was  produced  in 
(be  ordinary  bee-hive  ovens*  In  this  not  only  are  the  bye-products 
wasted  but  a  large  amount  of  heat  escapes  unutilised  into  the  air. 
This  form  of  oven  however  is  capable  of  some  ameliomtion.  The  loss 
of  fixed  carbon  (a)  by  careful  attention  may  be  somewhat  reduced  and 
of  the  volatile  constituents,  valued  at  about  one  ahilliog  on 
of  coal  employed  in  the  Bxancepeth  district,  may  be  pm-fcially 
oooording  to  an  invention  of  Mr,  Jameson.^ 
A  simple  mode  of  utilising  a  portion  of  the  heat  wasted  (h)  In  the 
inary  oven  consists  in  employing  it  for  raising  steam.    This  has 


imi.  No.  2,  page  C98. 

PMr.  JnmQnon\  process  consists  in  aspirating  through  KuitAhle  condeJasert  » 

.  ...  i..    e  i\...  volutUe  constituunts  nf  the  cojih      la  other  ro?*pect*  the 

ills  mttdk'red.  an  thiit  ii  eons'ukTable  |no|xntlou  nf  the?  ^aac*, 

in  Hie  nvvn,  yidd  iioitlier  tar  nor  mnintniia.     Mr.  Jameson's 

utioii  tujv  -^c*  the  ^"rcAt  rccowjuiendatioii  of  b<?ing",  with  little  cliangis 

Mis  to  <  rus.      With  certain  coftU  Mr.  Jaiae^n  vulues  ike  products 

9d.  per  tiui  li  cu;d  (v*  p.  328  ante). 


coked.  This  would  represent  about  28.  on  the  ton  ol 
Many  years  ago  my  firm  erected  several  ovens  in 
was  distilled  as  in  a  retort.  The  gases  were  c< 
appliances  and  the  ammonia,  tar,  etc.,  were  thus  ( 
difficulty  of  maintaining  the  structure  sufficiently  ti 
value  of  the  products  led  to  the  abandonment  of  tl 
then  some  improvements  in  the  form  of  the  oven  and  tl 
of  tar  and  ammonia  have  induced  my  friends  Sir  J. 
to  erect  an  experimental  bench  according  to  the 
Carv6s  &  Simon,  and  they  are  about  to  construct  a  sc 
According  to  public  rumour  the  condensed  sul 
from  the  so-called  Simon-Carv6s  oven  are  worth  aboc 
ton  of  coal  treated.  The  extra  yield  of  coke — 75  pe 
65  per  cent. — may  be  taken  at  Is.;  making  in  all  4t 
something  must  be  deducted  for  expenses  of  workin, 
■etc.  Calling  the  net  value  4s.  per  ton,  we  have  a  gai 
€ach  ton  of  pig  iron  manufactured,  with  coke  so  obta 
It  has  to  be  observed  however  that  many  trials  hi 
the  County  of  Durham  with  ovens  having  for  thei 
yield  of  coke  from  the  coal  employed.  As  a  role,  o 
these  trials  have  ended  in  failure,  and  the  old  bee^hiv 
adopted  in  their  room.    The  cause  of  this  has  been  I 
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be  obseiratioiis  joBt  made  on  the  ftiel  emplojed  in  smelting  iron 
or  less  applicable  to  all  districts.    The  extent  of  the  saving 
frer,  to  be  effected  on  each  ton  of  iron  will  depend  on  the  nature 
I  employed— as  a  nile  the  greater  the  amount  of  volatile  matter 
el  contains,  the  greater  will  be  the  quantity  of  tar  and  ammonia 
ed.    All  this  saving  may,  it  is  true,  not  fall  to  the  share  of  the 
Masters;  but  may  be  divided  between  them  and  the  consumers,  by 
ine  in  the  market  values  of  coal-tar  and  sulphate  of  ammonia, 
tcr  what  has  been  said  in  Section  XI,  on  the  action  of  hydrogen 
blast  furnace,  and  on  the  use  of  the  so-called  water  gas  for 
ag  iron  {vide  pp.  380  <?/  *^^.)^  I  ^^^^  ^^^^  nothing  to  prove  my 

at  no  help  is  to  be  expected  frum  that  quarter. 
ben  wo  come  to  the  conversion  of  pig  iron  into  ingots,  and  of 
\  into  rails,  there  is  still  less  probability  of  there  being  any  dis- 
:  cause  in  the^direction  referred  to  in  connecti«jn  with  the  manu- 
of  pig  iron.  There  are  many  mills  in  which  a  ton  of  rails  is 
by  the  use  of  15  cwts.  of  coal,  reckoned  from  the  pig  to  the 
bar.  The  molten  pig  iron  brings  its  own  heat  from  the  blast 
! ;  and  this,  added  to  that  evolved  by  the  combustion  of  the 
belated  metalloids,  suffices  for  its  conversion.  We  have  then  merely 
Dvide  the  motive  power  and  coal  to  reheat  the  ingots.  Since 
Drt  allusion  to  the  soaking  pits  of  Mr*  Gjei-s  (Sec.  XIT.,  p»  440) 
itlcman  has  furnished  me  with  data  respecting  the  actual 
:  of  this  system  of  preparing  the  ingots  for  the  rolls,  without 
s  of  any  fuel  in  the  mill.  Not  short  of  200,,000  tons  of  ingots 
so  rolled  down  to  blooms  but  by  far  the  greater  part  has 
en  reheated  before  going  to  the  fSoishing  mill.  In  one  case, 
er,  3,000  tons  of  heavy  double-headed  rails  have  been  rolled  with- 
i^ny  beating  after  leaving  the  ingot  muulds;  and  those  who  havt' 
Mr.  Gjers*  invention  express  great  hope  of  being  able,  with 
Bntly  strong  machinery,  to  make  every  description  of  rail  with- 
aing  any  coal  for  heating  the  ingots.  If  so,  then  50  cwts. 
J,  the  estimated  quantity  supposed  to  be  required  to  produce 
of  rails  from  ore,  will  probably  l>e  reduced  to  45  cwts.  or  less, 
[either  quantity  it  seems  very  unlikely  that  any  future  improve- 
can  greatly  alter  the  relations  of  iron  producing  countries  as 
*  present  eitist. 


694   SECTION  XVin. — CHIEF  IRON-PRODUCINa  OOUlirrEIBS  OOMPiin. 

The  quantity  of  limestone  used  for  a  ton  of  iron,  and  its  km  ;nfl^ 
afford  but  a  small  margin  for  economy  so  &r  as  the  mere  yalae  of  h 
mineral  affects  the  question.  In  smelting  Cleyeland  ironstone  lO^ti 
12  cwts.,  worth  from  Is.  9d.  to  2s.,  suflSce  for  the  ton  of  pig.  Qi 
presence  of  carbonate  of  lime  in  the  blast  furnace  is  howerer  attendd 
with  other  consequences,  which  are  of  almost  as  serious  import  utk 
price  itself.  At  page  198  it  was  stated  to  have  been  proved  bj  dind 
experiment  that  at  the  temperature  at  which  carbonic  add  is  expeU 
from  limestone,  the  coke  is  attacked  by  the  acid  with  formation  d 
carbonic  oxide.  Coke  so  oxidised  of  course  never  reaches  the  tajm 
and  is  so  much  loss;  a  loss  equal,  when  using  10^  cwts.  of  limeitcK 
per  ton,  to  1'26  cwts.  of  carbon  per  ton  of  iron.  Again,  at  page  IS 
it  was  held  that  the  coke  consumed  for  melting  the  slag  produced  per 
ton  of  pig,  amounted  to  5*794  cwts.;  and,  taking  26  cwts.  of  sli^  to 
be  the  quantity  to  be  fused,  we  have  a  consumption  of  '22  cwt.  of  oob 
per  cwt.  of  slag.  The  lime  in  10^  cwts.  of  limestone  is  5*88  cirtft, 
requiring  for  its  fusion  in  the  form  of  slag  1*29  cwt.  of  coke.  lb 
use  therefore  of  10^  cwts.  of  flux  involves  the  expenditure  of  dmiIt 
2*55  cwts.  of  coke,  now  worth  at  Middlesbrough  about  Is.  6d. 

In  reference  to  any  possible  diminution  in  the  quantity  of  flux,  it 
has  to  be  observed  that  fusion  of  the  earthy  portions  of  the  ore  ■ 
only  one  of  the  objects  sought  to  be  attained  by  the  addition  of  lime- 
stone. On  consulting  Berthier's  experiments,^  I  was  led  to  infer  thifc 
the  earths,  in  the  proportions  in  which  they  exist  in  Cleveland  stanCi 
constituted  a  very  fusible  compound.  A  mixture  was  therefore  made 
of  silica,  alumina,  lime,  and  magnesia,  analagous  in  composition  to  the 
earthy  constituents  of  the  ore  referred  to.  This  at  a  very  modentt 
temperature  ran  down  into  a  perfectly  vitreous  slag. 

The  attempt,  referred  to  at  page  169,  was  then  made  to  discontinoB 
che  use  of  limestone;  but  it  was  found,  as  indeed  was  expected,  thai 
blast  furnace  cinder,  in  order  to  free  the  iron  from  sulphnr,  must  have 
a  distinctly  basic  composition;  and  to  obtain  this  a  farther  addition  of 
lime  was  indispensable. 

The  figures  mentioned  in  reference  to  the  cost  attending  the  vm 
of  limestone  show  that  it  is  necessary  to  avoid  employing  a  flu 
containing  any  large  quantity  of  carbonate  of  magnesia;  for  this  eaith 
>  Emif  par  la  Yoio  aecba. 
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peai-s  powerless  in  dccomposinjr  Bidphur  compoondfi.  In  the  Peon- 
Jvanian  works  a  limestone  is  used  so  rich  in  magncBia  carbonate  that, 

hough  the  mixture  of  ores  smelted  contains  more  than  50  per  C4;nt. 
[  iron,  :?5  cwts,  of  fl«x  are  coueumed  for  each  ton  of  iron,  or  fully 
I'cwte,  more  than  would  t+e  needed  according  to  the  Middlesbrough 

ndard.    This  at  3fiddlesbrough  prices  means  an  addition  to  the 

.  of  a  ton  of  pig  of  2b.  3d*  for  extra  fuel,  added  to  about  2s.  Gd»  for 

i  extm  weight  of  limestone  used, 

RAILWAY   DUEa 

When  the  raw  material  weighs  five  or  six  times  as  much  as  the 
rketiible  product,  and  where  the  quantities  dealt  with  are  bo  large 
the  case  of  iron  in  its  various  forms,  the  item  of  transport  occupies 
important  place  in  the  cost  of  production*    CleTehmd  pig  iron 
been  sold  at  as  low  a  price  as  33s.,  and  out  of  this  it  is 
ilated  that  about  78.  t>d.  to  88,,  or  28  per  cent,  of  the  actual  value, 
paid  to  the  North-Eastern  Railway  Company. 
^Speaking  broadly,  1  toke  it  we  may  assume  that  the  mere  act  of 
iBpf^rt  over  a  great  distance  can  be  more  cheaply  done  by  water 
by  any  other  mode  of  conveyance.    A  remarkable  case  in  point 
^iven  me  in  Pittsburg,    Coal  was  bciug  conveyed  from  tlie  neigh- 
rhood  of  that  city  to  New  Orleans  (a  distance,  including  sinuosities 
river»  of  probably  1,500  miles)  for   Is.  per  ton.     This  was 
hy  loading  barges  sufficient  in  number  to  contain  20,000  tons  of 
lly  which ^  under  the  guidance  of  a  steamer,  were  towed  down  the 
Ko  and  Mississipi  to  their  destination.    This  is  a  state  of  things, 
rcr,  which   finds  no  parallel  in  any  manufacturing  operation, 
qaantitics  dealt  with  in  the  latter  are  much  smaller  in  amount 
that  named,  and  have  to  be  brought  to  different  centres  from 
DOB  quarters.     Canals  could  rai*e1y  be  constructed  with  economy 
lonvey  cual  or  ironstone  over  the  uneven  country  lying  between  the 
es  ajid  the  furnaces;  and  even  with  a  river  Mke  the  iChine  it  is 
ei'ally  found  more  economical  to  transport  the  ore  brought  from 
,  or  the  produce  of  the  works  on  its  way  for  shipment,  by  land 
|ier  than  by  water.     Such  being  the  case,  the  rates  levied  by  the 
ay  companies  in  different  countries  on  iron  and  on  iron  making 
erials  form  not  an  unimportant  subject  of  enquiry. 
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Fortonatelj  for  Great  Britain,  the  distances  which  separate  tte 
diffiarent  materials  used  in  her  iron  works  are,  necessarily,  from  tti 
size  of  the  coontrj,  much  shorter  than  those  which  intenrene  in  At 
case  of  most  foreign  nations;  while  the  works  themselves  are  at ■ 
great  distance  from  the  sea-board.  In  the  United  States  iron  on  i 
brought  in  considerable  quantities  from  the  mines  of  the  Utit 
Superior  district  to  Pittsburg — a  distance  of  about  800  miks.  Fittt* 
burg  in  its  turn  is  about  440  miles  from  New  York.  BailwajB  tew 
been  constructed  to  connect  the  mines  with  the  shipping  ports  d 
Marquette  and  Escanaba,  at  distances  which  may  be  approximai^ 
taken  at  25  and  50  miles  respectively.  These  railways  have  beca 
made  exclusively  for  the  accommodation  of  the  mines;  and  lookuf 
at  the  somewhat  uncertain  and  changeable  nature  of  the  tnSc,  ait 
perhaps  justified  in  demanding  the  high  rates  charged,  whidi  vhi 
I  visited  the  country  appeared  to  be  about  l*8d.  per  ton  per  mUt 
This  is  however  an  exceptionally  high  rate;  and  there  are  otiien 
which,  owing  to  the  peculiar  circumstances  of  the  trade,  msj  be 
considered  as  exceptionally  low.  Thus  in  Tennessee  (in  1874)  tl« 
cost  of  bringing  pig  iron  from  the  furnaces  to  the  forge  was  given* 
being  1^  dollars  per  ton  equal  at  the  then  rates  of  exchange  to  *6^ 
per  ton  per  mile,  or  •75d.  per  ton  per  mile  in  gold.  The  distan* 
between  Chattanooga  and  Ghici^o  is  about  550  miles,  and  I  v* 
informed  that  on  merchandise  travelling  south  the  charge  for  distanoa 
above  100  miles  was  2  cents  per  ton  per  mile,  say  Id.;  while  intk 
opposite  direction  it  was  only  1  cent.  It  was  further  hinted  thst^  ii 
order  to  promote  the  establishment  of  iron  works,  the  railway  conqpaoj  I 
would  prefer  conveying  pig  metal  at  ^  a  cent  per  ton  per  mile  laite 
than  take  the  wagons  back  without  any  load. 

I  have  from  various  sources  compiled  tables  of  the  rates  chaigel 
by  railway  companies,  in  different  iron  making  centres  which  I  hnt 
visited  in  the  course  of  my  travels. 

Railway  Bates  in  Clbyblavd. 

So  far  as  the  rolling  stock  and  general  railway  accommodation  aie 
concerned,  I  have  seen  no  district  either  in  Europe  or  Amerioa 
better  served  than  that  of  Cleveland.  The  wagons  are  all  snppiMi 
by  the  North-Eastem  Bailway  Company  and  are  of  the  best  deacrip- 
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'bottom  boards,"  so  that  the  ooBt  of  imloadiBg 

tiirers  is  effected  with  great  expedition  and 

illy  understood  charge  for  wagons  is  '125d.  fjer 

_ue  rates  quoted  below  this  item  is  included. 

<_"B  criven  the  ratea  on  minerals  and  pig  iron  are 

jjer  ton  per  mile : — 


lao 


11 
^97 


16. 
d. 
■95 


1& 
iL 
■88 


*85 


1'80      l-m      1'53      1-44      1-40 


32,  30.  4(IL 

d.  (L  d. 

•83  -78  74 

1-36  1-23  1-00 


harges  when  No,  3  pig  iron  is  at  458.  to  468.  per  ton. 

'  fall  in  price,  an  allowance  is  made  on  the  mineral  rates 

till  the  price  reaches  368.,  by  which  time  the  rebate 

''  '^^  per  cent.     On  the  other  hand  a  similar  addition  is 

-lies  until  the  price  rises  to  558.,  when  it  cseases. 

^  upon  the  average  distances  along  which  the  minerals 

lie  dues  received  by  the  railway  company  for  such  service 

■t  to*  about  7s,  6d.  to  8s.  per  ton  of  pig  iron,  according  to 

♦'  the  latter. 

Railway  Kate3  in  South  Walks. 

proximity  of  the  collieries  to  the  mountain  limestone 

works  enables  the  smelter  to  obtain  his  flux  and  fuel  at  a 

pense  so  far  a.«3  cost  of  transport  is  concerned.     This  and  the 

e  distance  in  some  cases  of  the  blast  furnaces  from  the  ports 

;h  iron  ore  is  discharged,  confer  great  advantages  on  South 

in  the   manufacture  of  pig   iron.      The  Taff  Yale  Kailway 

my,  as  a  rule  I  believe,  do  not  Hopply  wagons  for  the  minend 

E  on  their  line*    To  cover  this  therefore  •125d.  per  ton  per  mile 

loied  to  the  rates  charged  which  are  those  paid  by  a  firm  abonfc 

kj  between  Merthyr  and  the  sea, 

UUei 

Bttte  on  minerald  

pig  iron 


7. 

11 

d. 

d. 

1*318 

'928 

•928 


\  dues  on  the  minerals  for  one  ton  of  pig  to  furnaces  situated  as 
described  including  dock  dues  amount  to  Jis,  3d»  to  48. 
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Railway  Rates  in  the  Wbst  of  ScoTiA3n>. 
So  far  as  the  information  I  have  been  able  to  obtain  enables  me  tD 
judge,  the  dues  levied  by  the  Scotch  railway  companies  are  15  ton 
much  as  80  per  cent,  higher  than  those  charged  by  the  North-Eastern 
Railway  Company  to  the  CleTeland  iron-masters.  This  hoireTtr 
presses  much  less  heavily  on  the  Scotch  smelters  than  it  would  on  te 
English,  owing  to  the  much  shorter  distances  over  which  the  minenk 
are  conveyed  to  the  furnaces  in  Scotland.  While  however  in  CleTdand 
many  of  the  works  are  placed  on  a  navigable  river,  involving  only » 
few  pence  (8d.  to  6d.)  for  shipping,  it  costs  most  of  the  West  of 
Scotland  furnaces  about  2s.  6d.  per  ton  to  reach  the  Clyde.  He 
extent  to  which  ironmaking  materials  are  conveyed  by  railway  varici 
so  much  that  I  have  preferred  inserting  the  estimated  cost  for  carriage 
per  ton  of  iron  in  actual  cases  of  which  T  possess  the  particulars.  T> 
this  the  charge  for  shipping  at  Glasgow  is  added: — 


1. 

d. 

B. 

d. 

B. 

d. 

«. 

d. 

•.   & 

Does  on  nunerala 

4 

2 

4 

0 

5 

3 

3 

9 

6   0 

Carriage  on  pig  to  Glasgow 

2 

6 

2 

6 

2 

6 

2 

6 

i  6 

6 

8 

6 

6 

7 

9 

6 

8 

n 

Railway  Ratbs  in  thb  Midlaio)  CouimBS  of  Erglavd. 

The  Midland  Railway  Company  does  not  at  present  alwajs  firf 
wagons  for  coke  and  ironstone.  The  blast  furnaces  generally  fspetUdm 
are  situate  either  at  or  near  the  collieries  or  the  ironstone  mines ;  and 
the  distances  to  be  traversed  being  not  inconsiderable  (54  to  84  miiei) 
the  rates  are  low,  sometimes  only  \d.  per  ton  per  mile,  or  indoding 
wagons  say  '625d.  per  ton  per  mile.  On  the  Derbyshire  coal-fieM, 
according  to  my  information,  the  actual  cost  for  carriage  indodiD; 
that  on  the  short  distance  for  coal,  will  amount  to  from  78.  9d.  t» 
l)s.  8d.  per  ton  of  pig  iron.  At  or  near  Northampton  the  charge 
for  carriage  is  from  IDs.  to  12s.  on  the  ton  of  metal.  The  coal  beie 
and  in  Derbyshire  being  generally  used  raw. 

Railway  Rates  ik  LnrcoLirsniBB. 
For  smelting  the  Lincolnshire  ironstone  South  Durham  ooke  wtf 
largely  used.    Coke  obtained  fh>m  the  washed  nmall  coal  of  the  Sooib 
Yorkshire  coal-field  is  also  employed  to  some  extent. 
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I     The  distance  of  the  Soeth  Durham  pits  from  Frodingliam  is  112 
piiies,  the  cost  of  carriage  being  about  5s.  9d.     The  South  Torkshire 
ftoal-ficld  and  the  Lincolnshire  iron  ore  district  are  only  about  one- 
third  of  this  distance  apart.    Allowing  a  trifle  for  getting  the  iron- 
one  to  the  furnaces,  6b.  to  78.  6d,  per  ton  of  iron  probablj  represents 
I  dnea  paid  for  couvejance  of  minends, 

Hailwat  Rates  in  Cvubekuosd  and  Lancashisb. 

An  ordinary  rate  for  conveying  iron  ore  and  limestone  to  the  far- 
is  Is.  6d.  per  ton  from  the  mines  and  quarries,  while  that  paid 
the   coke  varies  from  58.  Cd.  to  78.  Cd. — the  distances  ranging 
Dm  60  to  nearly  100  miles.    At  these  prices,  the  carriage  on  the 
aerala  amounts  to  an  average  of  about  lOs,  9d,  on  the  ton  of 
iron. 

Railway  Bates  nr  Soxtth  STAFFOEnsHimE. 

In  former  years  the  expense  of  bringing  the  raw  materials  together 
pt  the  South  Staffordshire  blast  furnaties  was  very  trifling,  both  fuel 
ad  ironstone  being  obtained  from  the  coal  measures  adjoining  the 

aaoes.    Sub^quently  hematite  waa  imported  from  Lancashire  or 

iberland,  and  black  band  from  North  StaflTordshire^  so  that  the 
ctnal  sum  paid  for  carriage  on  the  iron  would  depend  upon  the 
Native  quantities  of  these  ores  used  in  its  manufacture.  Now  the 
Duth  Stafl:brdshire  furnaces  receive  considerable  supplies  of  ironstone 
om  Northamptonshire,  distant  about  60  miles.  The  ore  raised  in 
\lb  district  itself  will  not  funiish  above  one-third  of  the  pig  iron 

3e  there,  so  that  probably  73.  to   12s.  6d.  represents  the  cost  of 

sport  on  each  ton  of  metal  produced. 


Railway  Rates  in  Noeth  STAJroitpflfliBB. 

The  position  of  North  Staffordshire  as  an  iron-making  district  is 
_gne  of  r^ent  creation.    The  pits  supplying  the  ironstone  and  the  fuel, 
irhich  is  used    nncoked,  are  in  consequence  still  quite  near  the 
The  coal  basin  is  one  of  limited  area,  and  the  furnaces  I 
vas  permitted  to  examine  are  so  situated  that  the  calcined  ironstone 
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for  home  use  is  thus  charged: — 

Hii^est 

LovwL 

Armmw^ 

France      '90 

-70 

•78 

Belgium -93 

•86 

•88 

Germany TSO 

•43 

•66 

United  States      ...        -56 

•49 

•70  (m) 

ROYALTY  DUES. 

The  item  of  railway  charges,  frequently  amounting,  as  we  hnv 
seen,  to  a  large  item  per  ton  of  pig  iron,  -is,  when  leTied  bf  ft 
public  company,  a  source  of  expense  beyond  the  control  of  the  mann- 
facturer.  The  same  may  be  said  of  the  royalty  daes,  as  they  m 
called  in  England,  paid  to  the  land-owner  for  pennisaion  to  work  tbe 
minerals. 

The  sums  received  by  the  mineral  owners  vary  considerably  in  tiie 
same  localities,  according  to  the  situation  and  character  of  the  miiKi 
and  the  periods  at  which  the  leases  were  granted.  For  hematite  vA 
calcined  black  band,  2s.  ^d.  per  ton  is  about  the  usual  royalty  paid  to 
the  land-owner;  but  in  some  cases,  when  prices  of  iron  and  theiefcae 
of  ore  were  veiy  high,  the  sum  paid  by  speculators,  forgetful  oifcma 
trade  vicissitudes,  was  fully  three  times  the  amount  just  mentioiiei 
Cleveland,  Lincolnshire  and  Northamptonshire  ironstone  being  madi 
poorer,  and  the  metal  from  these  varieties  of  ore  oonmianding  a  mndi 
lower  price  than  that  from  hematite  or  Scotch  calcined  black  bond,  the 
sums  paid  for  permission  to  work  the  former  are  much  lower.  At  ii» 
present  time  (February  1884)  the  royalty  dues  for  these  descriptkoi 
amount  to  about  9  per  cent,  of  the  selling  price  of  Cleveland^  lod 
about  12  per  cent,  of  that  of  Hematite  and  Scotch  pig  iron. 

In  the  United  States,  on  the  other  hand,  vast  tracts  of  minenl 
lands  are  sold,  including  the  surface,  at  from  8s.  to  80a.  per  aoe. 
Practically  therefore  the  actual  purchase  price  for  royalty  of  a  ton  of 
coal,  or  of  ironstone,  is  merely  nominaL  For  reasons,  however,  irtiidi 
will  be  spoken  of  hereafter,  it  is  only  under  exceptional  circumstanoei 
that  the  American  pig  iron  maker  reaps  any  advantage  from  (be 
absence  of  a  charge  which  often  presses  pretty  lieavily  on  the  Bdftidi 
iron-master. 

At  the  iron  works  of  the  Northern  States,  ore  is  ao  scazoa  tb^ 
large  quantities  are  conveyed  from  Lake  Ghamplain  and  Lake  Sopencrr 
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carriage  from  the  former  to  the  furnaces  near  Philadelphia  cost- 

aboat  149.  per  ton,  and  that  from  Lake  Superior  to  Pittsburg 

I.  per  tt^n.     Under  snch  circumstances  the  mineral  owners  near 

furnaces  have  no  difliculty  in  realising  a  good  return  on  such  oi-e 

|ihey  may  let  to  the  famace  owners.    Thus,  for  brown  hematite 

Bkining  under  35  per  cent,  of  iron,  and  situate  near  the  Lehigh 

8,  50  to  75  cents  royalty  was  being  paid  in  1B74;  and  on 

ate  containing  66  per  cent,  of  metal  75  cents  were  paid,  under 

[  old  lease,  at  a  mine  near  the  town  of  Dover  in  New  Jersey. 

At  Lake  Champlain  I  heard  of  a  very  productive  mine,  situate 

in  a  short  distance  of  the  Lake,  which  it  was  said  hud  I  ecu  pnr- 

about  the  year  1831  for  4,500  dollars;  but  as  the  prodoce, 

rked  from  a  solid  vein  of  ore»  was  being  sold  at  prices  from  5|  to 

dollars,  accorfing  to  diflerences  in  quality^  ic  is  easy  to  suppose 

different  a  value  would  be  placed  on  it,  in  the  event  of  its  now 

aging  hands*     In  other  words  the  present  owners  were,  and  pro- 

bly  are  receiving,  a  very  high  royalty  in  the  shape  of  very  handsome 

bfite  as  mine  owners. 

At  Marquette  a  certain  mine  was  described  to  me  as  having  been 

fcned  out  on  an  area  of  10  acrca  by  three  men  in  comparatively 

ible  circumstances.    The  royalty  originally  ngi'eed  to  be  paid  to 

then  owner  of  the  soil  was  stated  to  be  50  cents,  per  ton,  his 

ieoessor  having  probably  obtained  that  soil  for  a  dollar  an  acre  or 

After  spending  1 5,000  to  20,000  dollars,  the  concern  was  sold 

fyBXt  iron  company,  already  possessing  furnaces  and  mills,  for  375,000 

ftfS* 

The  iron  mountain  at  Cornwall  in  Pennsylvania  is  a  mass  of  ore 

ag  above  the  plain  in  which  it  stands.  The  mineral  is  so  easily 
'worked  that  one  man  csm^  it  is  said,  Ell  10  tons  for  a  day's  work.  A 
Iwfty  company,  I  was  infonned,  offered  one  million  pounds  sterling 

the  property,  which  was  declined. 

AU  this  gu€8  to  prove  that  whatever  the  original  terms  may  be, 
F3ie  Tttlue  of  the  mineral  itself  is  determined  subsequently  by  tJie 

inary  rules  of  supply  and  demand,  coupled  with  any  pccuharitica 
local  character. 

,  From  \\  hat  has  just  been  advanced,  it  would  appear  that  the 

ing  price  of  ore  in  the  United  States,  at  all  events  in  the  northern 
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division  of  the  Union,  for  some  years  past  lias  been  snfBoient^  Ib^l 
to  embrace  within  its  amoant,  as  compared  with  this  oonntiTf  a  ^ 
high  profit  to  the  mine  owners,  as  well  as  a  pretty  high  rqyalbjrafr- 
a  fact  which  will  be  more  particularly  seen  hereafter.  Thia  iito 
of  things  has  been  broaght  about  by  the  condition  of  the  ijnoiai 
iron-trade,  which  it  may  be  conyenient  to  consider  at  the  pBent 
moment. 

Some  twenty  years  ago  veiy  large  quantities  of  iron  were  in^ortei 
into  the  United  States,  almost  exclusively  fi*om  Great  Britain,  it 
this  time  the  total  value  of  the  imports  and  exports,  exclosive  of  tk 
precious  metals,  fix^m  and  to  the  Union  nearly  balanced  eadi  ctins 
in  point  of  value ;  for  in  1865  the  former  were  £21,624,125  agsioit 
£25,170,787.  From  the  year  1865  to  the  end  of  1869  the  avenp 
annual  freight  on  pig  iron  from  England  to  New  Yoric  varied  from 
20s.  4d.  to  24s.  2d.,  of  itself  a  very  effective  protective  duty  to  to 
American  iron-masters.  In  the  year  1870  the  balance  of  trade  hid 
already  shown  signs  of  considerable  change,  and  with  it  the  ppotecfewn 
afforded  by  high  freights  began  to  diminish.  The  following  taUe, 
compiled  from  the  figures  given  in  the  "  Financial  Almanac^"*  froo 
the  Beports  of  the  American  Iron  and  Steel  Association,  and  frooi 
information  kindly  supplied  to  me  by  the  Inman  Steam  Navigation 
Company,  is  instructive  on  the  question  before  us: — 

Value  of  Imports  and  Exports  into  and  from  the  United  Kingdom  from  aai  <• 
the  United  States  exclusive  of  Bullion  and  Specie,  together  with  Mttes  ^ 
Freight  on  Pig  Iron  from  England^  and  other  particulars, 

1870.    1872.    1873.    1874.    1875.    1878.    1877.    1878.    187SL     1880L    1& 

Imports  from  n.S.  in  thou*    £££         £££££J6         £       JB 
siAds  of  pounds  . .        . .  48.804  MTeSS  71.4n  73.897  88.508  75.899  77.8S5  88^146  91.818  lOT.Ofl  WB 

ExDorts  into  U.S.  in  thou-  .^ 

BSAds  31.306  45.907  36.698  33^338  35^063  90.082  19.886  17.831  35^818   37.161  3lkW 

Freight  arerace  on  pi«    ..       19/       16/     15/9      6/9       4/3      1/9        3/      !«      4>«        UV       <' 

Imports  into  U.S.  of  iron 
and  steel  in  thousands  ^ 

of  net  tons 946   1.325      717      337      968      228      336      S36      86S     ^119    V» 

It  will  thus  be  perceived  that  in  the  year  1876  the  weight  of 
iron  and  steel  imported  into  the  United  States  was  ahnost  exactly  one- 
sixth  of  that  in  1872.  At  the  same  time  the  value  of  all  exports  Koi 
out  of  the  United  States  to  the  United  Kingdom  had  increased  aboot 
40  per  cent.,  while  that  of  merchandise  going  in  the  other  directioos 
had  fallen  off  to  the  extent  of  44  per  cent.    This  of  couise  meant* 
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tlj  diminished  weight  of  material  to  be  trnoBpoited  to  America^ 
list  a  great  increase  in  that  coming  from  America  to  thia  country, 
iron  under  such  a  state  of  things  was  considered  as  ballast;  and 
British  iron-maatcrs,  instead  of  paying  24s.  2d.  freight  m  they  did 
1867,  were  only  charged  Is.  9d.  in  1876.  In  other  words  the 
erican  iron-mastera  lost  22s.  5d.  per  ton  of  the  natural  protection 
Forded  to  them  by  the  cost  of  transporting  British  pig  iron  to  New 


York. 


A  remarkable  change  took  place  all  over  the  world  in  the  value  of 

of  every  description  in  the  years  1872  and  1873,  influenced  in  a 

measure  by  the  altered  selling  prices  of  these  commodities  in 

t  Britain,*     The  following  figures  will  best  illustnite  the  approxi- 

»te  position  of  the  fluctuations  in  question : — 


bat 


Cleveland  pig  Iron,  No,  3 
at  Middlesbrough  .„ 

1870. 
sold 
,..       50/3 

187L 
546 

92i- 

108/9 

1874. 
74/6 

Scotch  pig  iron,  mixed  nara- 

bers,  at  Glasgow 65- 

60/- 

98/. 

110/. 

90/- 

Iron  rail§,  f.o.b. 

..,     130/- 

135/- 

2-10/- 

260/- 

200'. 

Steel  tails,  f.o.b. 

...     205/- 

220/- 

280/' 

307/- 

233/- 

Coke  at  Middlesbrongh 

...       11/* 

12/6 

18/. 

S6/- 

28/- 

liOcouiotive  coal  at  pita 

6/6 

6;9 

9,6 

14/- 

14/- 

The  United  States  were  unprepared  for  the  sudden  demand  upon 
leir  resources,  particularly  in  the  matter  of  iron  ore,  which  i-equire 
time  for  their  development;  and  in  consequence  very  high  prices  rakd 
jthronghout  the  Union. 

The  producing  powers  in  America,  it  should  be  observed,  had  bet  n 
ined  for  some  time  previous  to  the  jieriod  we  are  considering;  for 
in  the  year  1805  the  make  of  pig  iron  was  less  than  one  million  tons. 
By  1871  the  production  had  risen  to  nearly  two  million  tons  and  in 
the  following  year  it  was  close  on  three  million  tons.  The  vast 
mining  district  known  as  that  of  Lake  .Superior,  was  only  in  its 
infancy  at  that  time,  so  that  great  difficulty  was  exj^erienced  in 
gnpplytng  the  rapidly  increasing  number  of  furnaces  with  the  ore  they 
required.  The  same  observation  applied  to  coal  and  to  lalxjur;  and 
m  a  natural  consequence  every  item  in  the  cost  of  making  pig,  as  well 
other  descriptions  of  iron,  increased  enormously.    The  following 

*  Tlii^  lii^li  price  of  iron  nnd  steel  in  Great  Bnt&in  aroso  partly  no  dcubi  from 
th^  greii>t  deuuLiid  wlilcU  Lad  sprung  ap  iu  the  United  Stateft* 
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fi^ares  will  best  illustrate  the  nature  of  the  change.  They  set  foA 
the  costs  of  pig  iron,  as  copied  by  myself  from  the  books  of » fin 
who  kindly  placed  them  at  my  disposal : — 

Table  showing  the  make  of  pig  iron  in  the  United  Siateg  and  ike  i\ 
of  production  per  ton  in  one  particular  loealily,  * 


laeo. 

187L 

IVi 

Cost  of  ore  per  ton  of  iron 

...    2-95 

...      6-84 

...      978 

1,      coal           do. 

...    6-46 

...      8-72 

...    11-07 

„     limestone  do. 

...      -10 

•29 

-86 

Wages  per  ton       

...    1-72 

...    2eo 

...      2-75 

Repurs,  general  charges,  &c. 

...    1-47 

...       2-27 

...       1-86 

$12-70 

$20-72 

$25  22 

The  great  increase  in  the  price  paid  by  the  smelters  for  the 
minerals  they  required  led  to  a  corresponding  rise  in  the  Take  of 
labour  at  the  mines,  some  particulars  of  which  will  be  reserved  until 
a  later  period.  Of  course,  so  long  as  the  selling  price  of  pig  iroa 
remained  at  the  point  which  justified  the  increase  in  the  rates  paid  for 
the  raw  materials,  nobody  complained;  but  unfortunately,  when  the 
demand  slackened,  or  perhaps  more  properly  when  the  make  wis 
increased,  prices  fell,  and  yet  the  demand  on  the  collieries  and  wixM 
being  still  very  active,  coal,  ore  and  labour  were  paid  for  at  ratei 
which  left  good  profits  to  the  mine  owner  and  high  wages  to  the 
labourer,  but  an  actual  loss  to  the  smelter. 

Eveiything  which  tends  to  inflated  prices  has  always  been,  wd 
probably  always  will  be  attended  with  the  same  results,  viz.,  the  nndnc 
attraction  of  fresh  capital,  succeeded  by  ruinous  competition.  Soch 
has  been  our  experience  in  Great  Britain,  and  the  same  has  fallen  fco 
the  lot  of  the  American  iron-masters;  but  with  the  latter  the  evilwM 
.  actually  intensified  by  the  impediments  to  natural  and  artificial  foreign 
competition  offered  by  high  transport  charges  and  an  import  duty  of 
nearly  80s.  per  ton  on  pig  iron.  It  cannot  be  a  matter  of  astonish- 
ment that  a  competition,  far  more  dangerous  than  that  possible  for 
any  European  nation  to  offer,  was  entered  into  by  domestic  speco- 
latoi-s,  when  the  enormous  dividends  paid  by  certain  companies  were 
a  matter  of  sufficient  publicity. 

*  The  increase  of  the  cost  of  pig  iron  is  one  of  which  I  have  the  partiealars,  but 
the  same  change  in  point  of  character  took  place  in  all  other  districts. 


Hmo] 
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To  pursue  the  history  of  the  development  of  the  pig  imn  trade  in 
imerica,  the  make  fell  irom  2,854,558  net  tons  in  1872  to  2,033,236 
let  tons  in  1876,  or  by  nearly  20  per  cent. 

^It  was  not  nntil  1879  that  the  production  in  the  United  States 
^kined  the  poeition  it  occupied  in  1872,  the  makt:  in  the  former 
^m  having  reached  3,070,875  tons.  By  this  time  there  had  ariaen 
B  extraordinary  demand  in  the  Union  for  iron  required  in  the  con- 
|m;tion  of  new  railways,  so  that  not  only  did  the  home  make  rise 
■reea  1878  and  1882  from  2,577,361  net  tons  to  5,178»122  gross 
^L  but  the  impoitfi  from  Great  Britain  were  increased  from  159,017 
lis  in  the  foimer  year  to  1,175,259  tons  in  1881  and  1,211,710 
Qns  in  1882.     Freights  at  once  felt  the  influence  brought  about 

Pthis  change  of  trade :  as  high  a  rate  as  15s.  was  paid  in  1880,  10s, 
1881,  and  lis.  (jd,  in  1882,  for  cargoes  from  Liverpool,  while 
6d.  in  1880  and  15s.  in  1882  were  the  avcmge  charges  from 
^ow  to  New  York.    That  these  quotations  did  not  reach  a  still 
Jgher  point  was,  no  doubt,  due  to  the  enormous  quantities  of  mer- 
adise  brought  from  the  United  States  to  British  ports.     This  for 
of  the  three  years  ending  1881  was  more  than  double  what  it 
in  1870,  viz.  above  100  millions  sterling  instead  of  about  iQj 
lions. 

f  ow  it  is  needless  to  say  that  such  rates  of  freight  as  were  paid  on 

[iron  in  1877  and  1878,  viz.  38.  and  2b.  Bd,,  involve,  so  far  as  the 

[lal  expenses  of  navigatioti  from  the  British  Isles  to  New  York  are 

emed,  a  very  great  loss  to  the  shipowner,  which  loss  is  reimbursed 

%n  increased  charge  for  transport  on  the  return  cargo. 

fTo  show  how  this  operates,  I  have  compared  two  years,  vi:5.  1877, 

en  the  freight  on  pig  iron  averaged  Ss.  from  Liverpnol  and  Glasgow, 

pith  1881,  when  it  was  lis.  Cd.  from  the  former  port,  and  IJs,  from  the 


r 


€raffe  Freight  from  2few  Tork  to  lAt^erpoolfor  ike  Tean  IST7  and  1881, 


Gnia              Cotlon. 
Per  Bush,  60  Lba.    Per  Lb. 

Cheeso. 
Vtt  Tun. 

BMon. 

Per  Toil 

1877 6-37a.    .,.     •26d,    ,. 

.     40*.  8d.     . 

..     30«.  8d. 

1881 i28d.     ...      lOd.     .. 

.     23s.  9d.     . 

„    19^  7d. 

D0c»ft«eof  1881  com*  p«rc«>t.       PwCfloi 

Per  Cent. 

PcfOeol 

l^red  wiUi  1877 


4,s.l 


40 


in 


50 
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These  increased  costs  of  transport  of  conrBO  oome  oat  of  the 
of  the  agricnltural  portion  of  the  popnlation  of  the  XTnited 
This  statement  however  does  not  necessarily  involve  the  i 
tion  that  under  any  system  of  international  oommerce  b^ 
American  Union  and  the  United  Kingdom,  a  higher  charge  fc 
port  would  not  M  to  the  lot  of  the  agricoltnrist,  becanse  i 
enormous  demand  for  food,  so  Jang  as  that  is  suppUedfrom  ^ 
States,  the  actual  weight  brought  to  our  shores  will,  in  all  prol 
greatly  exceed  that  leaving  Great  Britain  for  American  ports 
thened,  however,  as  the  American  fanner  is  by  heavy  transport  < 
rendered  still  heavier  by  legislative  enactment,  he  may  snrelj 
pected  to  demur  to  having  to  pay  an  import  duty  of  708.  lOd. 
on  steel  rails  supplied  by  his  British  customers,  and  £5  128.  ] 
on  any  wire  fencing  he  may  require  on  his  farm. 


Betuming  now  to  the  question  of  royalty,  a  payment  of  son 
may  in  certain  cases  have  to  be  borne  by  the  consmner,  ? 
received  by  the  landowner  or  not.  The  value  of  the  mineral  i 
raised  by  the  supply  being  insufficient  as  compared  with  the  d< 
or  in  the  case  of  a  district  like  Cleveland,  whose  mineral  resoni 
practically  unlimited,  mere  geographical  position  in  relation  to  t 
confers  a  value  upon  certain  districts  not  enjoyed  by  those 
remote  from  the  coal-field.  If  two  mine  owners  pay  the  same  r 
the  difference  of  cost  of  carriage  from  one  furthest  from  tho  p 
consumption  may  probably  mean  so  much  more  gain  to  the 
placed  mine. 

The  same  observations  which  a  few  pages  back  have  been  m 
the  rise  in  value  of  lands  containing  iron  ore  apply  also  to  thoa 
taining  coal.  As  already  stated,  thousands  of  acres  in  compar 
undeveloped  States  of  North  America  can  still  be  purchased  fo 
may  be  regarded  as  a  nominal  sum.  In  other  localities,  lil 
anthracite  region  of  Pennsylvania,  as  much  as  60  cents  (28. 
paid  as  royalty  on  each  ton  of  this  valuable  fuel.  This  howev* 
be  considered  as  a  very  high  rate  for  coal,  and  is  confined  to  a 
cite;  for  I  was  informed  in  Pittsburg  that  the  rent  paid  1 
informant  there  on  bituminous  coal  was  only  6d.  per  ton. 
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lot  withstanding  fchi?  difficulty  of  assigning  a  correct  position  to 

[poyaltr  rents,  in  a  general  estimate  of  the  cost  of  iron,  it  may 

atereating,  having  partly  detdt  with  the  question  in  i-eference  to 

Britain  and  the  United  States,  to  record  in  the  present  place 

Ls  under  thia  head  in  the  three  iron-producing  countries 

suent  of  Enro]>e, 


ROYALTIES  PAID  IN  FRANCE, 

Lll  ironstone,  save  that  belonging  to  alluvial  deposits,  which  latter 
l^f  insignificant  importance,  and  all  coal,  became  under  the  law  of 

the  property  of  the  State. 
Joncessions  to  applicants  are  grained  imd  worked  on  payment  of  a 

rent  of   10  francs — say  68. — 'per  square  kilonaetre,  about  245 
In  addition  to  this  small  payment  an  impost  is  paid^  which 
\  not  exceed  5  per  cent,  on  the  profits.    If  then  the  latter  amounted 

much  as  2a,  per  ton,  the  entire  sum  paid  by  the  mine  owner 

be  below  l^i  per  ton  of  coal  and  ore. 

ROYALTIES  IN  BELGIUM, 

the  case  of  iron  ores  an  opposite  course  to  thai  pursued  In 

seems  to  have  been  adopted  in  Belgium  ;  for  in  1830  property 

ch  ores  was  transferred  from  the  State  to  the  owners  of  the  soiL 

'  the  proprietor  leases  are  granted,  on  payment  of  royalties  varying 

,  4|d.  to  2a.  (*50  to  2'5a  francs)  per  ton. 

%\  remains  the  property  of  the  State.    Leases  are  granted  on  a 

payment  of  10  centimya  (less  than  Id.)  per  hectare  (2  acres  1 

[  >M  poles)  together  with  2^  per  cent,  on  the  net  annual  profit.     If 

amount  to  28,  per  ton,  the  royalty  would  be  less  than  |d.  per  ton. 

ROYALTIES  IS  GERMANY, 

Coal  and  iron  ore  are  vested  in  the  State.  The  royalty  paid  on 
former  by  the  colliery  owner  is  2  per  cent,  on  the  profits.  Hence 
ke  selling  price  is  Gs.  per  ton  the  royalty  would  probably  be  less 
an  Ijd.  Iron  ore  pays  no  royalty. 
According  to  the  InfurmatirMi  obtained  in  the  three  countries  just 
ed,  damage  done  to  the  Burface  in  working  the  minerals  is  made 
by  a  payment  to  the  landowner. 
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The  charge  npon  one  ton  of  pig  iron  for  royalty  on  ore  and  aal ■ 
the  four  European  nations  just  described,  is  roughly  as  follows:— 

Great  Britain. 

Gerauny.  Vkmnes. 


CleTeland.    Sootlmnd.     OumberUnd. 
ds.8d.         68.  68.3d.        ...        6d.         ...         8d.         ...    IbSitBli. 


Having  thus  dealt  at  some  length  with  qaestions  of  a  somewU 
general  character,  it  is  now  intended  to  treat  the  subject  of  thtynaat 
section  in  its  more  direct  application  to  the  four  countries  miff 
consideration.  The  seats  of  the  iron  trade  of  most  nations  aiekii 
numerous  to  permit  their  all  being  examined :  indeed  for  the  object  I 
have  in  view  this  is  not  necessary.  In  some  districts  thie  mano&cW 
of  the  metal,  though  expensive,  may  be  carried  on  profitably  for  pffl^ 
poses  of  local  consumption,  because  the  transport  charges  from  platf 
of  cheaper  production  may  more  than  cover  the  diSei-ence  of  cost  A 
description  of  works  embraced  in  this  latter  division  would  gmSj 
exceed  the  limits  laid  down  for  my  guidance ;  and  I  shall  therefcit 
content  myself  with  references  to  those  localities  whose  fadlitieB  ftr 
the  manufacture  of  iron  are  most  typical  of  the  four  countries,  or 
where  the  advantages  they  possess  entitle  them  to  be  considered  mm 
or  less  firom  an  international  point  of  view. 

In  pursuance  of  this  object,  it  is  proposed  to  give  some  igM 
showing  the  comparative  prices  and  values  of  the  minerals  used  in  tb 
manufacture  of  pig  iron.  The  crude  metal  itself  is  selected  aitl» 
means  of  illustration,  because  upon  its  cheap  production  the  positioi 
of  a  district  or  nation  is  mainly  dependent. 

COAL. 
Obbat  Britaik. 
MiddHhroygh. — The  coal  which  is  employed  to  smelt  the  ironrtoie 
got  from  the  Cleveland  hills  is  conveyed  over  distances  of  20  to  30 
miles,  chiefly  from  the  pits  of  South  Durham.  Much  of  it  is  obtaind 
from  shafts  having  a  depth  of  100  fathoms  or  less,  and  the  metflnni 
are  not,  as  a  rule,  much  troubled  with  serious  dislocations  or  wilk 
water.  Two  seams,  the  "  Brockwell"  and  the  "  Busty,'*  are  practicdiy 
all  from  which  fully  5^  millions  tons  of  coal  are  thus  annually  wroi^ 
for  the  use  of  the  Cleveland  smelters;  and  as  the  former  is  known  to 
be  the  lowest  of  the  beds  in  this  North-Eastem  district,  no  fatare  d»- 
covery  can  add  to  their  number.     From  information  I  have  receirei 
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aclade  thab»  with  the  exception  of  Scotland  and  some  few  matances 

I  South  Yorkshire  and  Lancashire,  the  present  average  cost  of  raising 

m  of  coal  in  the  County  of  Durham  is  as  low  as  it  is  in  any  part 

tthe  United  Kirij^dom.     In  the  imfiortant  question  of  purity  the 

ckwell  seam  will,  as  a  whole,  bear  comparison  with  the  coal  of  any 

of  the  world.    On  the  other  hand  the  Busty  seam,  at  all  eTents 

[ihe  Southern  division,  not  only  contains  more  sulphnr,  but  its 

%j  constituents  are  occasionally  so  large  in  quantity  as  to  require 

I  coal  to  be  crushed  and  washed. 

The  following  analyses  exhibit  the  composition  of  these  two  beds, 
forked  in  the  Brancepetb  ditstrict  of  South  Durham : — 


Carbon.. 

Btoekweli 
81-47            80-45 

] 
81  "03 

Busty.      ^ 
79il 

Hydrogen       

4-57 

4*29 

4'&9 

4*49 

6-45 

9-55 

746 

8*67 

Snlpbur 

1-23 

1-22 

1*30 

1*29 

Water ,.,         

1*23 

110 

*70 

1-01 

Asli       

5*61 

3M 

540 

5-91 

10015 

100-15 

1004S 

100' 1^ 

Of  the  ciirTxm  tbe  quan- 
tity in  the  fiied  state  is 

72-80 

71-90 

70*17 

66-32 

VoUtUo  above  212"  F. 

20-84 

23*40 

23-73 

26'7G 

„        below  2lli^  F. 

1'23 

1*10 

•70 

1"01 

By  computation  based  on  tho  foregoing  analyses,  the  coke  made 
the  Brockwell  ought  to  contain  somewhat  less  ash  and  sulphur 
that  obtained  from  the  Busty  seam.      As  a  matter  of  fact  this  is 
but  the  inferiority  of  quality  of  the  coke  so  obtained  from  the  two 
in  the  Brancepetb  district,  is  greater  than  the  diiference  of  ash 
sulphur  would  appear  to  indicate.     This  I  conceive  to  be  due  to 
less  compact  nature  of  the  coke  made  from  the  Busty,  permitting 
i  reaction  on  the  carbonic  acid  present  in  the  furnace  in  the  manner 
ly  referred  to  in  these  pages.     Generally  speaking,  the  produce 
[tho  two  beds  is  mixed  for  the  coke  ovens;  and  the  average  con- 
dition of  two  samples  so  made,  iis  received  at  the  Clarence  works 
•Ing  one  month,  was  as  follows  :— 

Ko.  1.  No.  % 

Alb     ...  ..         ...        «>'48  072 

Snlihnr  *95  '97 

MoialurtJ  '30  '23 
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The  fuel  used  in  the  Cleveland  fdmaces  is  invariaUy  in  i 
of  coke,  and  the  average  cost  of  conveying  it  firom  the  pits  to  tl 
is  a  little  above  2s.  per  ton. 

The  following  are  the  average  selling  prices  of  coke  ddi' 
Middlesbrough,  as  furnished  me  by  an  eminent  house  in  the  tn 


1870. 

i8n. 

1871 

1873. 

1874. 

1S75. 

W 

&      d. 

s.      d. 

■.     d. 

■.     d. 

■.      d. 

a.      d. 

a. 

11     0 

12    6 

18    0 

36    0 

28    0 

17     6 

U 

1877. 

1878. 

1879. 

1880. 

1881. 

1881 

UK 

B.      d. 

•.     d. 

n.     d. 

«.     d. 

1.     d. 

a.     d. 

a. 

13    2 

12     7 

11    6 

12    7 

11    8 

12    8 

12 

The  selling  prices  of  best  screened  steam   coal  at  the 
Northumberland  were  as  follows  : — 


1870. 

18n. 

1872. 

1873. 

1874. 

187& 

im 

a.     d. 

a.     d. 

a.     d. 

a.     d. 

a.     d. 

a.     d. 

a.     i 

6     3 

6     6 

9     6 

U     IJ 

14     11 

11     0 

9    ! 

1877. 

1878. 

1879. 

1880. 

1881. 

1881 

1881 

a.      d. 

a.     d. 

a.     d. 

a.     d. 

a.     d. 

a.      d. 

a.     i 

8  lOj 

7    7J 

6    IJ 

6    9 

6    9 

7    H 

7   J 

Coal  in  Scotland. — The  ironworks  in  the  neighbonrh 
Glasgow  are  perhaps  exceptionally  favoured  in  the  cost  and 
of  the  celebrated  "splint"  of  the  coal-field  in  which  they  are  i 
The  pits  are  of  a  moderate  depth,  the  water  is  not  exces 
quantity,  their  produce  is  cheaply  wrought,  and  the  qnality  is 
could  be  desired  for  the  blast  furnace.  The  following  analysif 
the  composition  of  an  average  sample  of  this  splint,  brongl: 
one  of  the  leading  works  in  Lanarkshire,  as  determined 
Clarence  laboratory : — 

Carbon        66*00 

Hydrogen 434 

Oxygen  and  nitrogen       12*03 

Sulphur      -59 

Water         11-62 

Ash 6-42 


lOOOO 


Fixed  carbon 
Volatile  above  212**  F. 
„       below  212°  F. 
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[The  following  analysis  made  in  Glasgow  of  coal  nsed  in  another 
ii'ouwork  shows  the  fixed  carbon  as  under : — 


Voktik.— Gas,  tar,  A'^'                  

S-tl? 

Sulphur  , 

'32 

Water  ©xpeikd  at  212°  F. 

BB2 

41*31 

Koti- volatile, — Fixed  carbon 

65*U 

Sulphur  left  in  coke 

•3S 

A»h 

3^7 

5869 

10000 

As  a  source  of  heat  development  this  splint  coal  is  greatly  inferior 
tie  Brancepeth  coals,  as  described  page  (ill.     This  w^^  appear  from 
following  estimate,  containing  the  respective  values  of  the  two 
in  centigrade  calories : — ^ 


Brockwell 
Ko.  L                No.  2. 

No.  1. 

jto  CO,      .„        .,. 

a»5is 

6,43d 

6,182 

6,329 

5,280 

toH.O    

1,C5|. 

1,459 

1,560 
8,0-12 

1,527 

1,476 

Total  developed-* 

S,072 

7,896 

7,856 

6,766 

^t  abftorbod— 

&puUion  of  H,0 

6 

6 

4 

5 

63 

„             bydro. 

1    cvboDBi  &c*      .,* 

417 

490 

473 

635 

578 

423 

—    496 

479 

— -    540 

641 

Ettml  developments. 

7M9 

7.399 

7.5fi3 

7.316 

6,115 

Taking  the  mean  of  the  four  Durham  coals,  viz.  7,481  calories,  it 
d  appear  that  they  possess  a  higher  he4iting  power  by  22  per 
.  than  the  Scotch  spHnL 

So  far  as  tlie  mere  composition  of  the  above-mentioned  specimens 
coal  is  concerned,  it  might  be  inferred  that  the  four  from  Durham 
old  be  preferred  to  the  Scotch  splint  lor  use  as  raw  coal  in  the  blast 
furnace.    The  average  content  of  fixed  carbon  in  the  former  is  70'32 

*   Tl»e  faotow  used  in  thc«e  calculation  a  arc  :^ 

Heat  evolved  by  carbon  burnt  to  carboiiic  acid  *.,       8,000  val. 

Do.         by  hydrogen  burnt  to  waiter 34,000    „ 

Heat  absorbed  by  expulsiim  of  hydro -carbon  a,  itc,  in- 
cindiug  deficiency  in  beat  development  of  C  and  H 
throuifh  combined  Q ,..      2,000    „ 
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per  omt^  against  5^*41  in  the  Scotch^  so  that  the  Doriiam  caJ{ 
oonLain  close  on  32  per  cenL  more  than  that  frtftn  the  AjgUd 
]>it.  HowcTcr,  owing  to  its  bitiuninoua  nature  the  Eoglidi  onl  vooll 
mnke  the  coDtcot«  of  the  fnrmice  cohere  together ;  the  materiali  wmM 
thQB  be  caused  to  descend  byslipe,  and  80  prevent  the  nnifomi  pafli0 
of  the  gaecfl  through  the  materials.  On  the  other  hand  lompi  of  th 
Scotch  Hplint  coal  ignite  and  bam  apparently  withont  anj  adheaioo  d 
one  piece  to  its  neighbour.  Dry  bnmiDg  aa  this  coal  eeems  to  l^j 
when  it  in  pounded  and  ezpoeed  to  heat  In  a  crucible,  the  mass  nniM 
and  forms  u  Ujlcrably  compact  piece  of  coke.  To  some  extent  tU| 
procesR  of  agglomeration  happcna  in  the  blast  furnace,  for  in  Scotland 
there  is  mtire  hanging  of  the  materials  tlmn  iif  here  coke  is  emplojed 
T6  Burh  an  extent  does  this  occur  that  the  loflty  furnaces  in  use  at 
Middlesbrough  have  been  found  impmcticable,  particularly  with  thott 
mixed  qualities  of  coal  which  iron-masters,  for  want  of  the  be* 
K|iiJMt,  are  now  obliged  to  employ,  AVhere  large  furnaces  are  fitiU  m\ 
bkst,  they  arc,  as  was  stated  page  816,  not  kept  filled  to  the  top.  Nor j 
doea  it  indeed  apfiear  from  later  experience,  that  much  is  to  be  guiuedl 
from  any  great  lulJition  beyond  a  height  of  51  feet;  for  itMillk 
ob8crv(3d  that  the  average  temp. rature  of  the  escaping  gases  (r/flCf  p. 
;^I6)  is,  in  bolh  the  casca  given,  under  400°  F.  This  cooling  effect 
on  the  gascfi  m  doubllcBs  due  to  tiie  gasification  of  the  hydro*carhont 
luu!  water  contained  in  the  raw  coal.  It  is  true  that  the  low  ratios  of 
carbon  as  carbonic  acid  to  that  »s  carb<jnic  oxide  (1  to  5 '28  and  1  t* 
6'82,  as  stated  in  page  317,  instead  of  1  to  2'S'2  or  thereabouts, as  ioa. 
eokc  ftirnace),  would  suggest  that  the  reducing  gases  are  not  kept  long 
enough  in  contact  with  the  oxide  of  iron.  It  must  moreover  be  borui 
in  mind  that  the  low  temperature  of  these  gases  is  inconsistent  will 
rapid  action  on  the  ore, 

The  difl'erence  in  the  richness  of  the  ores  used  in  Cleveland 
Scotland  is  such  that  the  slag  from  the  furnaces  of  the  former  require^ 
from  its  Ijirgcr  weight,  one-half  more  heat  for  its  fusion  than  that  fro* 
those  of  the  latter  (15,35G  cal  against  10,054  cal. — r.  pp.  120  ill 
;il9).  Roughly  this  difference  may  be  regarded  as  equivalent  to 
1  cwt.  of  carbon  per  ton  of  metal  produced.  Notwitbatanding  iik 
diffei-ence  in  fiwour  of  the  Scotch  furnace,  and  notwithstanding 
*54  cwt.  of  hydrogen  appears  to  be  oxidised  in  its  gases  (v.  p.  3S0V 
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in  the  oa&e  given  p,  818,  22'65  cwts.  of  fixed  carbon  accompanied 

6*34  cwts.  of  volatile  carbon  were  consumed  per  ton  of  No,  1 

If  we  assume  23  cwts.  of  coke  ae  lieing  required  for  this  quality 

Bveland  pig,  we  have  about  21*40  cwts.  of  carbon  to  produce  one 

Df  the  mctaL 

the  matter  of  economy  of  money,  aa  will  bereaflter  appear,  the 
arneltera  eujoy  a  mai^ked  advantnge  over  those  of  Cleveland* 
tie  meuntime  it  may  be  ubserved  t!iat,  owing  to  the  waste  of  fixed 
on  in  the  coking  process,  a  larger  quantity  of  thiii  constituent  is 
amed  per  ton  of  iron  in  Cleveland,  than  in  a  Scotch  furnace 
;  splint  coal  of  the  composition  formerly  given. 


I  c»-ts.  uf  coke  is  arisinnctl  aA  the  Weight  required  to  prodtioo 
one  ton  of  Cleveland  No.  1  pig  iruu.  Kaw  cniil  reckoiicd 
to  yield  only  65  jjvr  cent,  nf  cuke,  althougli,  ioduding  ash, 
it  contains  more  ilian  75  per  cent*,  gives 


OwtM. 


3558 


» the  avOTJigc  x>ercentage  of  fixed  ciirbon  in  South  Durham 
co&l  to  be  71i  thua  35  38  cwtti.  will  contain  of  fixed  carbon...  25'11 

weight  of  raw  coal  used  in  the  Scotch  furnace,  hnrthened 
to  produce  one  ton  of  No.  1  pi^,  was  42  31  cwtu.,  containing 
53*41  per  cent,  of  fijted  carbon,  equal  therefore  to  &ted  carhon  £2*60 

cess  of  fixed  carbon  consumed  in  the  Clevehmd  f  uruuce       ...  2*51 


It  has  to  be  remembered  however,  that  in  smelting  Cleveland  iron 
here  ia  a  larger  weight  of  slag  to  be  melted  than  in  the  Scotch  furnace 
bove  referred  to.  In  one  case  the  additional  heat  absorbed  for  this 
ftoee  alone  was  6,C48  calories,  viz.,  the  difference  between  16,702 
w^it&  and  10,054:  calories. 

^How  at  page  244  it  was  shown  that  with  the  blast  heated  to 
^045°  F.  each  unit  of  coke  evolved,  in  a  furnace  80  feet  high,  3^785 

piee,  or  say  4,000  for  each  unit  of  pure  cai^bon^    From  this  we  have 

or  1*662  cwts.  of  fixed  carbon  for  liisiiig  the  additional  alag 

generated  in  the  furnace  smelting  Cleveland  stone.    This  reduces  the 
rent  difference  to  (2*51  —  rGG2)  or  '848  cwta. 
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In  the  estimate  just  giTen  the  effect  of  two  Texj  different  qnafitis 
of  coal  has  been  compared.  It  may  interest  some  to  compare  tb 
same  kind  of  coaI»  as  used  in  its  raw  state  and  in  the  form  of  coke. 

For  this  purpose  we  will  assume  a  coal  of  the  average  composilio 
of  the  four  Brancepeth  coals  given  above,  viz. : — 

Fixed  carbon 70^ 

Water l-OO 

Volatile  above  212°  F 28-68 

Ash  and  sulpbur       6O0 

lOOOO 


That  portion  of  its  fixed  carbon  which  is  really  efiective  for  irc»n 
smelting  is  arrived  at,  if  from  the  70'32  per  cent,  we  subtract  so  much 
as  is  needed  to  gasify  the  volatile  constituents ;  and  here  we  must 
assign  to  the  unit  of  C  a  calorific  power  of  only  4,000^  as  it  is  bnnit 
under  the  disadvantageous  conditions  of  the  blast  furnace. 

GUoita 

Tbe  expulsion  of  1*00  H,0  requires       540 

„  23*68  other  volatile  matter  requires  28*68  x  2,000  —     47,860 

Total 47,900 


47  900 
The  carbon  needed  to  supply  this  heat  is    .^        ==  11-97  unite; 

so  that  the  portion  of  the  fixed  carbon  really  effective  for  iron  making 
is  only  (70*32  —  11*97)  =  58-35  per  cent,  of  the  ooal. 

Assuming  now  that  23  cwts.  coke,  containing  92  per  cent,  or  2riS 
cwts.  carbon,  are  needed  to  make  one  ton  of  pig,  its  equivalent  of  ooil 
will  be  so  much  as  contains  the  same  weight  of  efiective  carbon^  viL, 
21-16  X  100 


58-25 


36-82  cwts. 


'  The  assumption  of  4,000  calories  by  the  combustion  of  each  additiooal  unit  d 
carbon  is  founded  on  the  supposition  that  each  such  unit  is  oxidised  to  the  stf* 
extent  as  that  which  preceded  it-.  This  is  however  by  no  means  certain,  or  efca 
probable,  but  any  difference  arising  from  this  cause  is  scarcely  worth  con8identio& 
It  may  also  be  observed  in  this  place  that  it  is  assumed  in  the  cakmlatioiis,  finl  «t 
have  to  deal  with  a  coal  capable  of  beinff  used  either  as  coke  or  as  raw  ooal  in  tit 
furnace.    This,  as  is  well  known,  is  very  far  from  being  the  caaeu 
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The  cfjtffltltuents  of  the  coal  are,  in 

the  two  maes, 

difipOBed  of  aa 

lows  i— 

oUtilo  mitten  expelled-- 
Iji  coke  oven 

In  Ook«  rumaoc. 

8-66     ... 

Id  Ooftl  FumMflw 

DilTerence  in 
favour  o!  Cok« 

In  blast  farnnce 

••• 

888 

41* 

ill  nod  sulphur  melted  in 
hXnsi  funiiice       , 

1*84    ,.. 

1.90 

uied  Ciirbon— 

Expelling  volatile  mut- 
ter»  ill  coke  ovens    ... 

373 

•■( 

»•* 

Do.  in  blast  funrnce    ,.. 

*«• 

4*38 

♦  .» 

Smelting  ore    in    blast 
fumftce        

2116 

24-88     ... 

2116 

25*54 

Tdiiil  (bed  cArbon      ... 

•60 

Total  coal  required     .., 

35'38     ,., 

36  32 

•94 

According  to  this  mode  of  compariBon  it  seems  practically  n  matter 
indifiereuce,  so  lar  as  the  furnace  is  concerned,  whether  the  coal  be 
bked  or  used  raw ;  for  we  have  35*38  cwts.  of  coal  required  to  give 
the  28  cwts,  of  coke,  and  dG'32  cwts,  of  ct>al  calculated  aa  the  weight 
ssary  to  smelt  the  iron  and  to  gasify  the  volabilo  matter,  when 
oyed  raw  in  the  furnace  itself. 
There  is,  of  otjiirse,  a  much  greater  1ob8  from  radiation,  &c.,  in  the 
coke  oven  than  in  the  blast  furnace,  hut  this  appears  to  he  compensated 
by  the  fixed  carbon  burnt,  as  well  as  by  the  more  com^plete  oxidation 
of  both  carbon  and  hydrogen  burnt  during  the  pn>ce8S  of  coking. 

So  &r  the  question  has  been  regarded  as  one  of  heat  evolution  only, 
But  the  practical  smelter  has  to  deal  with  its  financial  aspects,  rather 
than  with  the  mere  calorific  powder  of  the  twu  kinds  of  fuL4.  For 
coking  the  coal  a  large  and  expensive  plant  is  required,  representing  not 
less  probably  than  £3fiO{)  for  each  blast  furnace — so  that  with  interest, 
wear  and  tear,  and  wages,  each  ton  of  pig  iron  may  involve  a  cust  of 
Is.  (Hi.  for  converting  the  cual  intu  cuke*  From  this  charge  a  very 
rariable  allowance  has  to  be  made  by  the  oppfa*tunity  aUorded  of 
arating  the  larger  coal  and  selling  it  at  a  higher  price. 

»  use  of  raw  coal  in  smelting  iron  permits  a  far  more  complete 

iliBtitioii  where  a  use  can  be  found  for  them,  of  the  volatile  parts, 

can  be  effected  in  the  coke  oven.     In  the  latter  case  I  have 
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estimated  that  the  heat  obtained  from  each  ton  of  coal  coked  rejffeseoti 
about  6d.  on  the  ton  of  iron  made,  whereas  the  8  cwts.  or  so  of  pm 
distilled  from  the  coal  in  the  furnace  may  be  safely  taken  at  28. 

There  is  a  further  important  matter  for  consideration,  tix^  tte 
relative  facilities  possessed  by  the  two  systeins  of  coUecdng  the  bye 
products,  viz.,  the  ammonia  and  tar. 

Messrs.  Banrds  at  Gartshenie  have  demonstrated  the  practicabilitj 
of  condensing  these  substances  from  the  waste  gases  of  their  fumaoes 
using  raw  coal.  The  same  object,  as  already  has  been  mentioned,  htf 
been  attained  at  the  coke  ovens^  and  in  these  undoabtedly  the  prooea 
ought  to  be  more  easily  accomplished  than  in  the  furnace ;  because 
irom  a  furnace  using  raw  coal  the  volume  of  gas  will  be  about  thirteen 
times  as  great  as  that  from  ovens  making  coke  to  produce  a  similtf 
quantity  of  iron. 

An  important  point  in  connection  with  this  branch  of  the  subject 
is  the  cost  of  plant  for  the  condensation  of  the  ammoniacal  gasaod 
taiTy  matters.  A  sum  of  £16,000  has  been  named  as  being  reqaired 
to  separate  these  substances  from  the  escaping  gases  of  blast  fanaces 
capable  of  making  500  tons  a  week.  So  far  as  my  own  experieooe 
enables  me  to  judge,  one-third  of  this  sum  will  represent  the  eita 
cost  of  the  coke  ovens  required  for  effecting  the  same  object. 

The  natural  conditions  under  which  coal  is  found  in  Scotland 
enable  it  to  be  wrought  at  a  very  low  cost :  indeed  I  heard  of  it  as 
being  sold  for  locomotive  purposes  at  8s.  9d.  to  4s.  per  ton. 

These  natural  advantages  are  further  supplemented  by  the  cheaper 
rates  of  labour  which  prevail  in  the  iron  making  districts  of  Scotland. 
The  average  daily  earnings  of  the  entire  staff  at  one  colliery  were  given 
me  in  1879  at  2s.  1  O^d.  In  the  £11  coal  a  hewer  can  work  4  tons  in  the 
whole  coal,  and  as  much  as  7  tons  in  pillars ;  in  the  main  coal  he  can 
get  8  tons  and  4  tons  respectively,  and  in  the  splint  2|  and  3^  tons 
respectively.  The  average  earnings  of  the  hewers  at  the  period  in 
question  were  8s.  l^d.  per  day  in  the  £11  coal  and  2s.  10|d.  per  daj 
in  the  hard  coal  (main  and  splint),  the  men  paying  for  house  rent 
At  another  ironwork  the  colliers  earned  from  8s.  l-51d.  to  Ss.  6*564 
per  day,  and  the  drawers  8s.  to  4s.,  working  5^  days  in  the  veek; 
and  notice  had  been  given  of  a  i*edaction  of  10  per  cent. 
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Cnmberlafid  and  Lancashire. — Goal  ia  found  in  both  these  counties, 
[  the  latUr  in  very  large  quantities.     That  obtained  from  the  Cum- 
rlaud  pits,  although  in  immediate  proximity  to  some  of  the  blast 
aaces,  18  unlj  sparingly  iised  for  smelting  purposes.     The  coke  made 
Um  the  coal,  as  drawa  from  the  pit,  would  contain  as  much  as  12  to 
per  cent,  of  ash ;  hence  it  requires  washing,  hut  even  then  the  coke 
I  often  associated  with  1^  per  cent  of  sulphur.     From  whatever 
e,  the  blast  furnaces  in  both  counties  use  almost  exclusively  coke 
Iticed  from  the  coals  of  Durham  and  Northumberland,  which  is 
[)fj|^ht  to  Uie  ironworks  on  the  West  Coast  at  a  cost  for  carriage 
^ing  from  5b.  5d.  to  Ts.  6d*  per  ton. 
Con!  in  Soulh  ShffordsMrc— The  quality  of  the  coal  obtained  in 
^uth  StalTordshire  adapts  it  admirably  for  the  purposes  of  the  iron- 
Belter.    The  large  demands  however  levied  upon  its  resources  for 
^ny  years  past  have  materially  increased  its  present  value  in  the 
rket.     The  general  practice  forty  years  ago  was  to  coke  it  for  blast 
rnace  nee,  but  now  it  is  largely  used  in  its  raw  state.    The  operation 
performed  in  the  open  air,  with  no  building  beyond  a  temporary 
kiitrul  erection  of  loose  brick  work,  to  act  as  a  chimney.     Of  course  a 
"ge  waste  of  fuel  attended  such  a  rude  cour^  of  procedure,  and  the 
&iiey  loss  was  further  increased  by  the  exclusive  use  of  large  ooal, 
lich  in  the  year  1871  I  found  was  selling  at  10s,  to  12s.  per  ton 
ben  used  for  other  purposes  than  that  of  making  pig  iron.    Its  pre- 
[It  market  value  I  am  informed  is  98.  Gd.     For  many  year's  past  raw 
til  has  been  almost  exclusively  used  in  the  blast  furnaces  of  South 
ttffordshire^  and  when  coke  is  employed  it  is  generally  brought  from 
bcr  coiU-fields  such  as  those  of  South  Wales. 
The  furnaees  in  this  old  seat  of  the  iron  trade  are  of  moderate 
aenaiuns,  nevertheless  I  have  heard  of  as  small  a  quantity  as  31  cwts. 
raw  coal  having  sufficed  to  produce  a  ton  of  grey   iron.      It 
lid  however  not  Bur{)riBe  me,  iron  and  coal  being  measured  by  the 
1  standard,  if  40  cwts.  were  nearer  the  mark.    This  indeed,  accord- 
to  the  Government  returns,  which  will  be  referred  to  at  a  later 
riod^  appears  to  he  the  actual  rate  of  oonsmnption,  which  includes 
I  ooal  used  tor  calcining  and  other  purposes  at  the  furnaces. 
Coal  m  North  Staffordshire, — The  t>eds  of  coal  in  this  division  of 
county  vary  from  3  to  7^  feet  in  thickness.    A  hewer,  I  was 
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informed,  cuts  from  8  to  4  tons  for  his  day's  work,  and  the  daily  pro- 
duction for  the  whole  staff  is  about  22  cwts.  per  individnal  employed— 
equal  therefore  to  something  over  850  tons  per  annum.  The  rojalij 
paid  in  one  case  was  lOd.  per  ton,  and  the  total  expense  in  dchrffinsr 
the  coal  at  the  pit's  mouth  is  pretty  nearly  the  same  as  that  in  tJic 
County  of  Durham.  The  average  selling  price  in  the  latter,  aooordis*: 
to  the  last  ascertainment,  was  4s.  7  Jd.  per  ton — ^a  figare  stated  by  the 
coal-owners  as  being  unremunerative. 

The  furnaces  in  North  Staffordshire  are  usually  greatfy  inferior  is 
dimensions  to  those  in  use  at  Middlesbrough ;  the  height  does  not 
usually  exceed  50  or  60  feet.  In  one  case  I  found  one  of  70  feet ;  bw 
the  increased  size  did  not  appear  to  be  accompanied  by  any  eoonomf 
in  the  consumption  of  coal. 

The  greater  part  of  the  fiiel  is  used  raw,  when  86  to  88  cwts.  are 
consumed  to  make  a  ton  of  iron.  A  portion  of  the  small  coal  is 
coked,  in  which  event  the  weight  required  may  be  taken  at  29  cwts. 
of  raw  coal  and  7  cwts.  of  coke  per  ton  of  forge  iron.  In  sudi  cafl« 
40  cwts.  of  a  mixture  of  calcined  black  and  clay  band  ironstone  sod 
6J  cwts.  of  limestone  go  to  produce  one  ton  of  pig. 

Coal  in  South  Wales. — According  to  the  evidence  of  the  late 
Mr.  William  Menelaus,  given  before  a  committee  of  the  House  of 
Commons  about  the  year  1866, 25  cwts.  of  the  Dowlais  four-feet  upper 
vein  were  capable  of  smelting  a  ton  of  No.  8  foundry  iron  from  an 
ironstone  yielding  only  88  per  cent,  of  pig  iron.  Indeed  Mr.  Menelaus 
stated  that  occasionally  20  cwts.  of  this  exceptionally  fine  coal  sufficed 
for  the  purpose.  I  had  an  opportunity  afforded  me  of  examining  tbe 
Dowlais  furnace  books,  and  there  it  was  stated  that  for  18  consecutive 
weeks  the  average  consumption  had  been  19  cwts.  8  qrs.  18  lbs. 

The  composition  of  this  seam  was  given  as  follows :— 


1 


Carbon  fixed  and  volatile 

88*33 

Hydrogen           

4-43 

Nitrogen 

1-24 

Oxjgen 

3-20 

Sulphur 

0-66 

Ash         

1-26 

10000 


rCT 
rny 
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The  carbon  in  the  fixed  state  wus  stated  to  be  80  per  ceot.  of  the 
whole  weight ;  and  at  Cjfarthfsi,  a  neighbouring  work,  the  tjon-volatile 
rboB  amounted  to  77  per  cent. 

I  am  without  arij  precise  date  upon  wbioh  to  found  an  exact  eeti- 
ate  of  the  quaniiry  of  heat  required  ta  smelt  such  an  ironstone  as 
It  in  use  at  Dowlais  at  this  time.  Applying  however  the  same  rules 
I  those  applied  with  success  to  the  treatment  of  other  ores,  I  doubt 
bether  it  would  be  safe  to  atlopt  a  lesB  weight  of  coal  than  the  larger 
fte  mentioned  by  Mr.  Meuelaus^  viz.,  25  cwts,,  and  even  then  this 
Bt  be  regarded  m  very  good  work. 

At  the  period  referred  to  by  Mr.  Menelaus  the  valuable  vein  of  coal 
Bt  described  must  have  been  far  from  «ufficieot  for  the  Dowlais 
jairemente,  because  for  the  production  of  a  ton  of  forge  iron  32^  to 
cwts.  of  raw  coal  were  l^eiug  used,  although  the  mixture  of  ore 
telded  41' 75  per  cent,  of  pig  iron  insteail  of  iiS  per  cent,  as  in  the 
former  case.     Indeed  Mr.  Meuelaua  himself  gave  38  cwts.  of  coal  as 
iiBual  rate  of  coiiaiimptioo  in  the  South  Wales-  blast  furnaces. 
Beasemer  pig  iron  is  now  the  chief  object  of  production  in  this 
ifiion  of  the  Princiijality.    The  fuel  usually  employed  is  cc^ke,  made 
Dm  a  more  bituminous  coal  than  that  of  the  four-feet  vein.    A  corn- 
on  rate  of  consumption  is  22  to  23  cw^ts.  per  ton  of  pig,  although 
are  instances  of  20  cwts.  sufficing  for  the  purpose. 


The  practice  of  giving  the  consnmption  of  fuel  in  the  production 

'  pig  iron,  reckoned  in  the  form  of  raw  coal,  was  commenced  by  my 

lend  Robert  Etmfc,  F»R,S.,  in  the  Mining  Records.    Tlie  plan  has 

been  adopted  in  the  conticuation  of  his  excellent  work,  prepared 

Her  Majesty^B  Inspector  of  Mines.     From  these  figures  the  Table 

page  622  has  been  prepared.     The  results  will  not  be  found  always 

correspond  with  those  already  given  in  this  work.      This  partly 

ises  from  the  latter  representing  eiclosi^ely  the  fuel  used  in  the 

blast  furnaces,  whereas  the  official  returns  included  any  coal  used  in 

alcining  and  at  the  Iwilers,  &c.    The  Goverament  report  also  deals 

ith  the  average  of  the  whole,  while  mine  gives  the  consumpticn  of 

ticular  works. 
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SUMMARY  OF  THB  PRODUCTION 

OF  PI»  IRON 

IN  GREAT  BRITAnr 

IN  THE  Year  1882,  and  op  thb  COAL  fsid 

(nrcLUDnro  COAL  ooi- 

VEBTED   INTO  COKE)   IN 

ENGLAND  AND  WALES— 

ITS  MANUFACTURE. 

Number  of         Pig  Iron 
Fnmaoet.             Made. 
In      Out  of          «_»- 

OoiJ 
taad. 
Tons. 

Tearif     Cri 

Makeprrprr^ 
Ftenace.  df^ 

Tom.      Crtu 

Cumberland 

45 

10 

1,001,181 

1326393 

22249    S64 

DenbighKhire  and  FliDtshire... 

6 

4 

58,188 

154,888 

8.F56   38« 

Derbyshire      

40 

18 

872  650 

980.860 

9.316   499 

Durham           

34 

86 

815.671 

1,634,584 

23990   4M 

Glamorganshire         

27 

64 

404,850 

858,642 

14.976   4Stn 

Gloucestershire.     Hampshire, ) 
Somersetshire,  and  Wiltshire  t 

4i 

H 

52,991 

108.721 

11,775    41« 

Lancashire      ...         

85 

14 

790,999 

1,345,863 

22.600   S4<» 

Lincolnshire 

17 

4 

201.561 

464,600 

11856    46-10 

Monmouthshire          

35 

18 

530,084 

991,969 

J5.145    J741 

Northamptonshire      

16 

11 

192,115 

445.800 

12807    4«« 

North  umberland        

4 

8 

93,422 

143.237 

23.855    3W6 

Nottinghamshire       

5 

— 

73,086 

182.206 

14.617   4M6 

Shropshire       

10 

14 

80.475 

240,000 

8,047   5W» 

Staffordshire,  North 

25 

12 

275,577 

542,572 

11.023    »» 

Staffordshire,  South 

3U 

6U 

247,667 

558.966 

7362    4514 

Worcestershire           

16 

24 

150.776 

899,416 

9.428    5M 

Yorkshire,  North       

82 

9 

1,803,508 

3,694,857 

21,994   4(Wr 

Yorkshire,  West        

28i 
460i 

181 
319f 

321,430       726,482 
7,460.680  15.244,066 

11.377    45« 

ToTAL>  England  and  Wales 

16.210    40« 

SCOTLAND— 

Ayrshire          

28J 

14t 

850.423 

781,004 

12.295    41-7S 

Linlithgowshire,  Lanarkshire, ) 
and  Stirlingshire ; 

8U 

24J 

775,577 

1,821.241 

9,516    46« 

110 


39      1.126.000    2.552.245     10  286    45*33 
'^sSr''!'.™'''!!'.^'"^.'!}^^^    ^^    8.586,680  17,796.801    15,058    4115 

Using  the  information  contained  in  this  Government  report  I 
would  now  compare  the  actual  work  perfonned  by  the  fuel  in  some 
of  the  chief  centres  of  the  iron  manufacture  in  Great  Britain  and  else- 
where. In  coming  to  any  conclusion  upon  the  subject  a  mere  state- 
ment of  the  coal  consumed  per  ton  of  pig  iron  produced  doe?  not 
convey  all  that  is  required.  The  richness  of  the  ore  and  the  qoar.iitt 
of  limestone  needed  as  a  flux  must  also  be  taken  into  the  acooant^ 
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the  short  Tuble  which  follows  will  be  found  the  combined  weigh U 
ore  and  flux,  together  with  the  official  return  of  the  coal  used. 
Dm  these  two  factors  the  quantity  of  these  two  ingredients  smelted 

one  ton  of  the  British  raw  coal  has  been  estiomted,  and  to  the 
lults  thus  obtained  others,  from  private  sources  of  in  forma tion,  have 
en  added  to  exhibit  the  duty  performed  by  foreign  fuel : — 

HkMATITE   Pro   IrOIT,   CHIEfXX  BESaEHEB. 


Cwu  of  On?  nnd 

LilDMtOtl* 

perTonofM«UL 

CwtB  of  Raw 
per  Tun  of  MofeaL 

Oivte,  of 

M«teriftl»  Smelted 
|>e*TonofO<»L 

NortliUTTibe  riand 

45-50 

3600 

25-27 

XJomWrlnnd ,..         

46*00 

36-48 

25 '22 

ftmth  Wales 

4sm 

39-60 

24  30 

Pig  iROii  ^boh  Oolitic  Ironstokb, 

ATBRAOE  ABOFT  No.  350 

Cleveland^—     foundry    ., 

5900 

44-00 

20-82 

Lincolnshire            „ 

62-22 

46-OS 

2700 

Northamptonsliirc  „ 

56-43 

4G35 

23'i>2 

Pio  Teon 

FBOir  CnAY  IfiOJfSTONB. 

Nortli  StaflFordsli ire— forge 

48-60 

8600 

36-94 

Scotlmnd-cbidly  No,  1      ., 

48-39 
FoEEiojr  Coax, 

42*30 

22-83 

Wostplmrm  — Bessemer 

53-26 

87-28 

28-54 

Do,               do. 

54'00 

.        45-47        . 

23-76 

Belgtara               do. 

66-25 

27-30 

41-20 

I'rftnct*                 do. 

44^ 

3-1.76 

25  54 

In  the  case  of  the  Belgium  furnace  the  yield  of  coke  from  the  coal 
74  per  cent, 

CoAii  nr  Oebmaky. 
Ceal  in  the  Rhmish  Proinnces, — Tlie  weight  of  coal  given  me  as 
by  each  miner  in  eight  honrs  actual  work  in  Rhenish  Prussia 
43  cwts.  Fur  this,  in  1878,  the  hewer  earned  28.  fld,, 
intbout  hon=e  or  firing,  and  the  average  weight  extracted  by  the 
entire  staff  of  the  mine  was  about  \1\  cwts.  for  a  day's  work, 
the  average  earnings  for  the  year  in  question  being  2s*  4d.  The 
ling    price    at   the    pit   was    stated   to   be    5s.  2^d,  to  5b,  5d. 

*  Tlie  Ooveninicnt  retnrnsi  include  licniatifiS  pijf*  For  iho  ptirjuise  of  the  esti- 
ntc  23  cwtis.  rif  c#>ke  Itan  been  it^suuicil  via  lieing  tlio  (ivon»*ft?  constimpHon  far 
>vcUrid  iron  alone,  to  which  3*75  ewU,  of  cnul  hvk^  Wen  uddcd  for  cnlcining  and 
'  9t  p\trjH>*c<. 
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per  ton,  which  frequently  left  only  a  moderate  profit.  Tl 
ash  in  the  coal  of  these  districts  is  considered  to  be  10  pe 
about  twice  the  amount  contained  in  the  coking  ooal  of  Do: 
the  market  value,  say  5s.  Sd.  per  ton,  the  cost  of  coke  from 
coal  was  mentioned  as  being  9s.  3d.  at  the  fumaceSy  where 
are  usually  situated.  From  washed  coal  it  would  of  oootm 
thing  more.  The  older  furnaces  are  of  very  moderate  din 
about  50  to  54  feet  in  height ;  and  at  these  24^  to  29^  cwt 
are  used  per  ton  of  white  sparry  (strahliges)  iron,  28  cwts.  fo 
white  pig,  and  often  above  30  cwts.  for  Bessemer  iron.  1 
iron  contains  2*6  of  carbon,  -18  of  silicon,  and  *8  of  phosphoi 
furnaces  of  71  to  72  feet  in  height,  blown  with  air  heated  in 
stoves  to  a  temperature  of  low  redness  in  the  dark,  the  coke 
was  24  to  26  cwts.  per  ton  of  Bessemer  pig,  the  make  being  s 
of  560  tons  per  week.  The  mixture  of  ore  was  such  that  41^  t 
and  1 1^  cwts,  of  limestone  were  required  to  produce  one  ton 

In  1882  the  cost  of  coal  near  Dortmund  was  given  at 
5s.  5d.  per  ton.  The  hewers  were  earning  4s.  6d.  to  58.  pc 
eight  hours'  actual  work.  The  average  output  of  about  70C 
told,  was  given  in  one  pit  at  19  cwts.;  in  a  second,  18*9  cwtc 
a  third,  20  cwts.  per  diem.  .  The  average  earnings  of  the  wl 
were  £40  per  annum,  probably,  therefore,  about  28.  9d.  per  8 

In  1883  the  selling  price,  in  the  Dortmund  neighbourhoo 
suitable  for  the  manufacture  of  coke,  and  yielding  70  per  cent 
was  given  at  7s. 

What  has  been  said  goes  to  prove  that  the  coke  of  the 
Provinces  is  decidedly  inferior  to  that  employed  in  the 
counties  of  England,  the  difference  being  about  25  per  cent. : 
of  the  latter.  The  pits  being  usually  nearer  to  these  (German 
than  the  Durham  collieries  are  to  Middlesbrough,  an  avera^ 
of  probably  Is.  per  ton  in  carriage  is  enjoyed  by  the  former 
which  something  must  be  allowed  for  inferiority  of  quality. 

Coal  at  Saarbriickf  Frnssia.—This  district  is  an  importar 
the  German  coal  trade,  its  annual  produce  being  four  to  fiv( 
tons.  The  mines  are,  I  believe,  chiefly  worked  by  the  Crov< 
and  in  1878  the  selling  price  of  small  coal  fit  for  coking  was  c 
having  been  4s.  6^.  at  the  pit ;  but  the  ooal  as  worked,  h 
small,  commanded  double  this  price. 
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The  average  anniml  ontpufc  over  the  five  years  endinp;  1877, 
per  man  employed  at  the  mines,  waa  stated  as  having  been  IM  tons 
per  annum*  The  daily  earnings  doring  the  period  in  quesfcion, 
accoi-ding  to  a  printed  statement  to  which  I  had  access,  ranged  between 
2».  10^.  and  8s.  A^d.  per  day  j  the  average  of  the  five  years  being 
4te.  Did.  The  wages  per  ton  araoonted  to  48.  5id.,  and  the  selling 
price  of  the  entire  produce  varied  from  Ss.  id.  in  1877  to  168,  8d.  in 
1878,  the  average  for  the  five  years  being  128.  Id. 

From  another  quarter  the  following  information  was  received : — 


IVxliiction  per  miixi  ©mplojed 

I  per  tAQ  raided 
Flto  (mnothcr  qiiotatir)ii) 
kly    coming*    per    man 
nplojed 


Tom*. 
£01 


mi. 

Totia. 
IM 


4  10 


Tunt. 
200 

4    71 
i    4 


ISTf.  1877, 

Toiu.  Tout. 

196  187 


R.       4. 

4    Si 


L        It 

4    2} 
4    2| 


l«  tO|  19  4i  17  9i  16  6  16  O 
po.  (another  \|U(.tntir.Tij  .,.  3  4J  3  5i  3  2|  2  llj  2  lOi 
I  price  <if  coivl,  per  ton     ...16     8        14  10^      11     OJ         9    7i         8    4 

Speaking  generally,  it  may  be  assumed  T  think  that  in  point  of 
iity  all  the  coke  produced  in  the  western  part  of  Germany  is 
inferior  to  that  obtained  from  the  North-Eastern  coal-field  of  England, 
The  small  coal  of  the  Sasirbriick  district  is  impure,  containing  as 
it  sometimes  does  20  per  cent,  of  ash,  so  that  much  of  it  has  to  be 
washed,  when  it  afiTui^ds  a  coke  containing  from  8  to  12  per  cent,  of 
ash.  The  loss  of  weight  in  washing  amounts  to  nearly  one  fourth,  and 
of  coke  is  tiBually  about  08  per  cent,  of  the  coal ;  but  it  is 
that  as  much  as  HO  per  cent,  is  obtained  in  the  Appolt  oven. 
la  some  cases  a  mixture  of  washed  and  tin  washed  coal  is  coked,  giving 
i  product  containing  15  per  cent,  of  ash. 

With  small  coal  bought  at  48,  O^d.  and  washed,  the  coke  costs 

bout  128.  at  the  pits,  which,  as  compared  with  the  County  of  Durham, 

I  rather  a  high  price,  pmrticalarly  when  we  bear  in  mind  that  the 

I  coke  ec»ntains  11  to  12  per  cent,  of  asli.     Notwithstanding 

h  rate  of  impurity,  in  smelting  Luxemburg  ore  in  a  furnace  of 

S  feet  by  17  feet,  20'80  cwts.  suffice  for  the  production  of  a  ton  of 
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white  iron,  the  blaai  being  onlj  heated  to  Sbif  0,  (662°  F.)  The 
power  of  getting  such  good  diitj  from  bo  sruall  a  fomace  is  greatlj  doe 
to  the  easily  reducible  character  of  the  Luxemborg  ore. 

I  imagine  we  maj  assume  that  the  cost  of  12s.  per  ton  is  as  low  t 
price  OS  coke  can  be  made  at,  in  any  large  quantity,  in  the  Saarhnidt 
ood-field,  even  if  the  firms  worked  their  own  collieries;  because  for 
any  increase  in  the  production  of  coke,  the  large  as  well  as  the  email 
coal  would  have  to  be  used,  and  it  would  manifestly  be  gi'eatly  totha 
iron  smelter's  disadvantage  if  he  had  to  make  coke  tram  1arg«  ooil, 
which  prolmbly  before  it  was  crushed  and  washed  would  oort  at  ill 
market  value,  even  in  the  cheaper  yaars,  10s.  to  13  s,  per  ton. 

It  is  80  long  since  I  visited  the  collieries  of  Prussian  Silesia,  tbati 
am  unable  to  speak  positively  as  to  the  quality  of  the  coal  of  that  part' 
of  the  German  Empire*  My  own  impressions,  however,  confirmed  by 
recent  enquiry,  do  not  lead  me  to  think  that  it  is  much  if  indeedJi 
all  superior  to  the  coal  of  Western  Germany  just  described 

Coal  ik  Frxjxce. 

Of  the  live  nations  we  are  considering,  none  is  so  poorly  pro* 
vided  in  the  matter  of  coal,  having  regard  to  ita  aiae,  as  Praoca 
At  pp,  448  and  441)  the  output  is  given  at  20|  million  tons,  while  the 
weight  imjMjrted  exceeds  that  exported  by  about  9}  million  tons, 
referring  to  some  notes  taken  in  the  year  18C5,  the  average 
working  coal  in  1^3  French  collieries  was  about  30  per  cent,  hi] 
tluin  that  in  th«  United  Kingdom  at  that  time ;  since  which  thccoc&oli 
working  has  increased^  probably  to  a  greater  extent  than  with  Qa> 
selves.     The  exact  amount  of  the  relative  increase  is  perhaps  not  vajl 
material;  because  what  the  French  iron-makers  have  to  luok  at^ 
the  cost  alone,  but  the  value  of  coal  when  used  fur  otlier  pu; 
that  is  the  nature  of  the  competition  they  have  to  encounter.    Kci 
according  to  returns  in  my  possession,  the  selling  price  of  ctml  indi 
Pas  de  Calais  varied  from  lis.  3^d.  in  1877  to  15s.  6d.  in  1874,  lir 
average  during  the  ^ye  years  ending  in  the  former  year  bein^  143.  Si 
So  late  as  the  year  1878,  in  one  of  the  chief  iron-making  cenUvi] 
situate  on  a  coal-field  which  I  visited,  t!ie  best  coal  was  selli 
12s.  8d.  to  l*3s.  6d.,  and  commoner  coal  at  Ds.  Od,  per  ton; 
England  only  commandmg  about  half  this  price  at  the  aame  period 


fisonoir  xvin* — chikf  ihon-phoducing  couktries  compajied*  627 


Pas  de  CalaU.-^YrQm.  a  printed  sfcatement  famished  to  me  as  a 
or  of  the  Paris  Exhibition  in  1878,  I  extmct  the  following  figures 
ting  this  now  iropJttant  eoal-producing  locality : — 


Inction  in  thonsaods  of  tons... 2,982 

Qfl  worked  per  annum  jwr  nurn 
employed  ...         ,*.         ...     166 

a.     d. 
inf^s  per  daj  (jcar  taken  at 
290  day*)  2  lOi 

t  of  labour  per  ton  of  coal  ...  5     3^ 
ling  prices  of  csoal      15    54 


2,973 


152 
L     d. 


3,357 

151 
i,      d. 


1870, 
3,32^ 

148 


18T7. 
3,43& 

148 
L     d. 


2    9}        2    9i        2    9^        2    ^ 

5    71        5    8  6    91        4  11 

15    ^      U    5t      14    Of      11     Si 

According  to  tliis  informiiti<m  the  working  expenses  of  thia  coal- 
Id  musL  be  regarded  as  high. 
Aooordiog  to  the  same  printed  statement,  given  me  by  a  French 
jwner,  the  average  carnioga  for  the  year  1876  of  the  men  in  the 
DQnty  of  Durham  was  3a.  S>|d.  per  daj/  and  the  wageis  per  ton  about 
less  than  in  the  Pas  de  Calais,     The  total  cost  of  coal  for  that  year 
quoted  as  heing  lis.  8d.  per  ton  dearer  in  these  French  pita  than 
those  of  Dorham. 

In   a  paper  read   by  JL   Laporte  before  the  merabers  of  the 

tern  Institute  of  Mining  Engineers,  at  their  meeting  in  Paris  in 

rS,  it  is  mentioned  that  the  wages  of  the  hewers  have  increased  in 

northern  coal-field  of  France  161  per  cent,  since  1825.     Their 

ily  earnings  were  as  under : — 


1835. 

1S35. 

l«<d. 

ICTS. 

«,    d. 

a.    d. 

a.    d. 

B.    d. 

1     6 

,20. 

.26. 

,     3  10 

Per  day 

According  to  M.  Laporte  the  wages  per  ton  of  coal  in  1875 
lonnted  to  about  68.  3d. 

St.  Etiaim  Coal-fuld. — When  I  visited  this  district  in  18G7,  the 
ling  price  of  iinw^ashed  coking  coal  delivered  at  the  ovens  was 

Id.,  which  included  a  charge  of  about  Is.  for  carriage. 

At  one  mine,  where  the  hewera  were  only  earning  23.  5 Jd.  per  day 
^ten  hours,  the  cost  of  extraction  at  the  pit's  mouth  was  stated  to  be 
llow  as  3s.  Ojd.  per  ton.  The  items  making  up  this  sum  were  also 
f en,  and  were  as  follows ; — 


WafsK. 
2s.  2fi 


Sinking 
Iftand. 

lid. 


MaQAgemebt, 
lid. 


Balca. 

lid. 


i>««4.        Reimlw  and 


4d. 


2d. 


TotaL 
3s.  OiH. 


'  Thia  qootatioa,  in  iixy  opinion  is  lower  tUan  tlie  wage*  have  been  for  mauj 
L— 1.  L.  B. 
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Under  any  circunistances  this  figure  mnst  be  taken  as  an  excep- 
tionally low  one,  for  when  the  hewers'  earnings  amonnted  to  sons 
varying  from  2s.  9d.  to  Ss.  l^d.  per  day,  the  cost,  at  other  pito,  of 
working  a  ton  of  coal  was  stated  as  being  6s.  7f d.,  of  which  2s.  lOfi 
was  for  men's  wages. 

The  expenses  of  working  coal  in  the  neighbonrhood  of  St.  Eti^me 
ranged,  in  1867,  from  5s.  to  7s.,  exclusive  of  royalty  which  inflome 
cases  was  high. 

The  yield  of  coke  from  the  coal  was  60  per  cent.,  and  the  cost  of 
labour  at  the  ovens  amounted  to  Is.  3|d. 

The  selling  prices  at  that  time  of  the  output  of  one  mine  visiteii 
were  as  follows  : — 


Percent.                                                     PteToo^    ^ 

Small  for  coking 

...    60  of  saleable  produce     ...  7b.  5d.  to   8    0 

Lamps     

...     33            „             „          ...                    12    9i 

Large  blocks 

...       7            „             „          ...                    1ft    S 

100                      Average  about     ...      10    2 

For  Bessemer  pig  smelted  in  1878  from  ores,  chiefly  foreign, 
yielding  56|  per  cent,  pig,  smelted  in  old  and  very  small  furnaces 
blown  with  air  at  350°  C.  (662°  P.),  80  cwts.  and  upwards  of  coke 
were  used  and  14^  cwts.  of  limestone.  With  fire-brick  stoves  delim- 
ing  the  blast  at  600°  C.  (1,112°  P.)  20*86  cwts.  of  the  coke  sufficed. 
In  this  case  only  9^  cwts.  of  limestone  were  required.  The  mjAe 
was  245  tons  per  week  from  the  furnaces  with  pipe  stoves,  and  STiO 
tons  from  those  with  fire-brick  stoves. 

The  iron  works  near  the  town  of  St.  Etienne  are  surrounded  br 
collieries  of  the  character  just  referred  to.  Many  iron  smelters  pur- 
chase washed  coal  for  their  ovens,  at  a  cost  (in  1878)  of  13s.  10|ii. 
per  ton,  at  which  price  they  can  produce  coke  at  208.  In  one  casf 
the  coke  so  made,  having  to  be  conveyed  for  twenty-two  mite 
involved  a  charge  of  2s.  6d.  per  ton,  equal  therefore  to  l*86d.  per  ti* 
per  mile.    It  contains  12  to  14  per  cent,  of  ash. 

Coal  in  Central  France. — Commeniry. — ^The  iron  works  in  the 
vicinity  of  Commentry  were  supplied,  in  1867,  when  I  visited  them,  witk 
fuel  from  the  adjacent  collieries.  At  that  time  the  coke  ovens  vfR 
charged  8s.  to  9s.  per  ton  for  small  coal,  of  so  impure  a  qualitf  that 
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|ie  coke  made  from  it  contained  18  per  cent,  of  ash.     By  washings 
;  was  reduced  to  12  U*  14  per  cent.»  the  prodtict  costing  16s.  t*.* 
pfi.  per  tou«  and  being  8old  at  2(>s. 

In  furniices  of  48  feet  in  height  and  using  an  ore  yielding  37  per 
it.  of  pig,  consumption  of  coke  for  white  iron  was  only  21^  cwts*, 
ile  SO  cwts.  \vere  required  for  Ibundry  and  56  cwts.  for  gvcj  forge 
The  ore,  in  the  form  of  small  gravel  from  Bourges,  costing  then 
fls.  9d.  delivered  at  the  furnaces,  required  aa  a  flux  14  cwts.  of  lime- 
^ne  [jcr  ton  of  metal.    The  temfierature  of  the  blast  was  B6(f  to 
.400°  (052*^  to  752^  F.) 

Coal  of  th^  DeparimeM  of  (he  Gar(L — In  1867  I  visited  a  colliery 
elonging  to  the  field  of  the  Grande  Cumbe,  in  which  the  coal  rarely 
led  3^  feet  in  tliicknesa.  The  cost  of  working  at  that  time  was 
as  \'arying  from  58.  to  5a.  8d.  i^r  ton ;  no  royalty  was  paid, 
lands  being  the  property  of  the  company.  The  entire  output  of 
be  district,  at  the  period  of  my  examination,  was  1,300^000  tons,  and 
the  selling  price  of  small  coal  in  1867  ranged  from  6s.  4|d,  to  78.  2d. 
per  ton,  and  of  the  large  14s.  8d.  The  produce  of  the  pit  being  half 
large  and  hall'  small,  the  average  market  price  was  above  10s.  A 
hewer  was  cutting  4^  tons  in  ten  hours,  earning  thereby  3s.  2^d.  to 
4s.  per  day  without  house  or  fire.  The  coal  was  being  washed  for 
works,  and  then  sold  for 


4|d.  per 


yielded 


cent,  of  ookc ;   the  selling  price  of  the  latter  was  17s.  7^d.  per 

The  ore  used  was  partly  got  in  the  neighbourhood,  and  the 

inder  was  brought  from  La  Voulte  on  the  Rhone,  and  from 


Coal  of  Beiahuu, 
In  comparison  with  its  area  Belgium  furnishes  a  greater  weight  of 
coal  than  any  other  nation,  The  annual  quantity  raised  is  about  17^ 
llion  tons  (t^.  p.  448),  and  the  coal  exported  exceeded  the  imports 
1882  by  about  4|  million  tons.  Moreover  this  prominent  position, 
in  a  ooal  producing  point  of  view,  is  attained  in  spite  of  mining 
diffiooltics  greatly  beyond  the  average  of  most  other  localities.  The 
mines  are  often  of  great  depth,  sometimes  above  1,0D0  yards,  and  the 
strata  are  often  so  contorted  that  the  shaft  passes  through  the  same 
bed  of  coal  several  times.     Besides  these  disadvantages  ihe  seams  are 
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often  very  thin ;  and  taking  the  qaality  throughout,  the  produoe  of 
the  Belgian  mines  is,  like  those  of  France  and  Germany,  inferior  to 
most  of  the  coal  in  Great  Britain.  Under  such  circumstances  u 
those  referred  to,  the  cost  of  extraction  is  necessarilj  high,  and  in 
consequence  the  selling  prices  are  above  those  of  the  United  King- 
dom. The  quotations  of  one  large  company  in  the  year  1875  per  ton 
at  the  pit  were  as  follows : — 

OaaCoal.  Coking  OoaL  ^Se^^^iSS^  W^'oSl 

98. 6d.  to  lOs.  4d.         7s.  9d.  to  9s.  48.  9d.  to  68.  146.  to  ISs. 

According  to  a  Government  return,  the  published  value  of  all  the 
coal  raised  in  Belgium  is  thus  stated : — 

187a     187L      1873.      1873.      1871      187&      1878.    Vm. 
8s.8d.  88.  Hid.  lOs.  7|d.  17s.  9id.  13s.  IJd.  10s.  9id.  Ts.  lid.  7«.6d. 

At  page  509  the  average  output  per  individual  engaged  per  annran 
is  given  for  the  province  of  Hainaut  alone.  According  to  returns 
given  to  me  the  following  figures  represent  the  annual  production  for 
men  and  boys  over  the  whole  of  Belgium.  As  a  means  of  compariB(«, 
some  of  the  corresponding  figures  are  added  for  South  Durham : — 

1870.  18n.  1873.  1873.  1874.  1876.  1878.  1879.  1880L  U8L 
Belgium  ...  tons  149  146  159  146  134  132  150  158  —  — 
South  Durham  „        —      —      —    335    330    841    356    350    401    396 

During  a  visit  I  paid  to  Belgium  in  1873,  the  year  of  highest 
prices,  a  large  coal-owner  named  8s.  8|d.  as  the  cost  of  raising  ooal 
near  Liege,  to  which  it  had  risen  from  prices  varying  from  5b.  7d.  to 
6s.  6d.  At  the  date  of  my  inquiry  the  selling  price  however  was 
22s.  4|d.,  so  that  the  profit  per  ton  was  nearly  14s.  From  another 
quarter  8s.  per  ton  was  given  as  a  common  cost,  while  5s.  7d.  had 
been  the  figure  at  this  particular  mine  before  the  great  rise  in  tbe 
value  of  coal. 

By  a  very  trustworthy  authority  the  following  information  was 
given  me  in  the  year  1873  as  to  the  increase  in  the  cost  oi  raising  a 
ton  of  coal  in  his  own  district : — 

1868.  187a  1871  1871  ISTS 

38.  ^d.    ...    4fl.  8d.    ...    5b.  Od.    ...    58.  4id.    ...    Gs.  TH 


a. 
2 

10! 

X 

H 

0 

H 

0 

H 

1 

7» 

0 

4i 

_6 

n 
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The  details  of  the  last  year — 1873 — were  as  follows :— - 
Liihour 

Hedemption  .,. 
Loading 

Gener&l  expenses 
ExtraordiniLry  work 


many  cases  however  the  cost  in  1873  would  be  as  hipjh  as  i>s.  7^<3. 
T  ton.     In  all  these  there  is  an  allowance  for  redemption  of  capital 
d  royalty. 
Unwashed  coal  afforded  in  one  case  68  per  cent,  of  coke,  containin*^ 
to  12  per  cent,  of  ash,  and  of  it  22'40  cwte.  were  used  to  give  a  ton 
white  iron  in  fomaces  having  a  height  of  about  dS  feet.    The  blast 
heated  in  fii-e-brick  stoves,  and  the  ore  used  was  chiefly  brought 
Luxemburg. 
In  1878  the  small  coal  sold  to  iron-works  for  making  coke  was 
arged  at  prices  varying  from  78,  l^d.  to  10s.  S^d,  per  ton.    It  con- 
only  from  15  to  20  per  cent,  of  volatile  matter,  so  that  in  an 
polt  oven  the  yield  was  80  per  cent,  of  coke,  and  in  an  ordLnaiy 
lopp^e)  oven  it  was  74*    Taking  coal  at  a  mean  price  of  8s.,  the 
:e  would  therefore  probably  cost  from  12s.  6d.  to  13s.  per  ton.    In 
i78,  at  one  work  I  visited,  88.  Sd.  to  8s.  8^d.  was  being  paid  for 
washed  coking  coal,  from  which  the  coke,  made  in  Appolt  ovens, 
said  to  coBt  lis.  Id.  per  ton,  the  yield  from  the  coal  being  80  per 
,    This  coke  was  soft  and  poor  looking,  and  contained  12  to  14 
cent,  of  ash.     Tiie  ore  used,  chiefly  that  of  LiLxembiirg,  yielded 
88  to  40  per  cent,  of  pig,  and  the  consumption  of  coke  per  ton  of 
white  pig  was  2^  cwts. 

In  1878  the  cost  of  working  coal  in  the  Li6gQ  district  was  stated 
to  me  to  vary  from  Gs.  4d.  to  78.  l^d  per  ton.  The  selling  prices  were 
BB  follows  :* — 

^i  fiMt  coilI  in  very  lai^  piecsea    .,*        ...        ...  14    3  to  16  10 

^H  L&fis^  coal  free  from  smidl 11     1  to  11  10|^ 

^H  RougbsmaU        „.                   ... 9    ti  to  10    3| 

^f  Bead  small ...  —           7    1^ 

'  *  Paper  road  by  M.  Laporte  at  raeetitjg  of  tntinbors  of  North  of  EngUrid  Institute 

'  Mmliisr  Engineers  held  at  Paris,  lB7ti.     nde  Transactions  for  tbat  year. 
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The  coal  in  the  Charleroi  district  is  rarelj  washed,  and  contanisoii 
an  average  12  per  cent,  of  ash;  washing  when  adopted  reducing  tiieadi 
to  7  or  8  per  cent.  Coke  is  sometimes  used  in  the  furnace  contaioin^ 
as  much  as  22  per  cent,  of  ash.  At  an  establishment  also  exanuoed 
in  1878,  unwashed  coal  was  delivered  at  68.  to  88.  S^d.  jier  ton.  The 
coke  obtained  Irom  it  made  a  ton  of  white  pig  with  21  to  23  cwti. 
For  grey  foundry  pig  27  cwts.  were  consumed.  The  famaoes  were 
52  feet  high,  blown  with  air  at  450°  to  500°  C.  (842°  to  982°  F.) 

The  exportation  of  so  large  a  proportion  of  the  coal  laued  in 
Belgium,  as  may  be  supposed,  is  not  due  either  to  superior  eicdknoe 
or  to  greater  cheapness  of  extraction  as  compared  with  Great  Britain, 
but  to  the  readier  and  cheaper  access  to  the  iron-making  districts  of 
France  and  Luxemburg. 

Coal  is  the  Unitbd  States. 

Fifty  years  ago  or  less  the  known  areas  of  coal  deposits  on  the 
Continent  of  Europe  were  such  as  to  have  led  to  the  belief  that  Great 
Britain  possessed  almost  a  monopoly  of  the  carboniferous  formatiaiL 
Subsequent  experience  has  done  much  to  dispel  this  illusion,  andif  ve, 
in  this  country,  are  entitled  to  claim,  and  this  even  to-day  with  some 
show  of  reason,  to  be  exceptionally  favoured  in  our  ooal  beds,  moie 
recent  discoveries  have  abundantly  proved  how  far  from  oorrect  w» 
the  common  opinion  of  former  times,  for  many  extensive  tracts  of  cod 
have  been  discovered  and  opened  out  within  the  fifty  years  referred  to. 

In  a  country  like  the  United  States,  where  half-a-centniy  may  be 
said  to  embrace  the  whole  of  its  industrial  life,  this  remark  as  to  ite 
coal  resources  pre-eminently  applies ;  for  at  the  present  moment  the 
known  coal-fields  extend  over  an  area  fully  eight  times  as  large  as  thooe 
of  the  United  Kingdom,  and  to  those  already  discovered  others  aie 
frequently  being  added.  Notwithstanding  this  wealth,  possessed  as  it 
were  by  one  nation,  it  seems  scarcely  probable,  with  oar  actual  knoiv* 
ledge  of  the  geology  of  North  America,  that  for  the  same  area  of 
territory,  the  United  States  is  equal  in  coal  resources  to  the  parent 
country. 

Anthracite  Regions  of  Penneylvania. — ^Whatever  advantages  Giwt 
Britain,  area  for  area,  may  possess  over  the  United  States  in  a  ootl- 
producing  point  of  view,  those  connected  with  the  anthracite  deposits 
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^f  the  latter,  so  far  as  iruD-making  k  coiieorneci,  may  be  said  to  be 
ithout  a  rival.    It  is  true  that  in  South  Wales  this  furm  of  coal  is 
[jnnd;  but  it  is  in  hniited  quantity  and,  for  the  blast  furnaee,  appears 
iferior  in  quality  to  the  almost  inexhaustible  beds  of  North  America, 
In  the  raining  district  Burrounding  Hazeltou  I  was  informed  that 
ere  are  three  seams  uf  unthracite  varying  in  thickness  ft'ora  13  to 
feet.    They  lie  at  a  very  steep  slope,  45^  to  CO'^,  and  after  reaching 
ic  raaxiuaim  depth  very  often  run  in  an  op^M>site  direction  to  the 
mrface.     To  win  the  coal  thus  situated  a  large  timlier  erection  is  con- 
acted,  one  side  of  whleli  is  au  inclined  plane,  being  a  continuation 
S^f  the  inclined  road  which  is  formed  in  the  coal-seam  itself.    The 
of  the  bniJding  is  to  separate  the  largest  coal  for  blast  furnace 
other  purposes,  or  to  break  and  sort  it  along  with  the  smaller  into 
aeoes  of   uniform  gize,  for  other  manufacturing  and  for  domestic 
During  the  extraction  and  Itreiiking  of  the  mineral  a  consider- 
hie  quantity  of  dust  is  produced*  and  although  coming  into  partial 
for  artificial  fuel,  enormous  mounds  of  rejected  small  coal  were  to 
found  at  all  the  older  pita  I  examined.    The  cost  of  opening  out 
kti   anthracite  colliery  capable  of  furnishing  25U,000   tons  a  year, 
QcJiiding  the  *•  Breaker,"  wag  stated  to  be  150»n00  dollars.    There  is 
I  considerable  loss,  partly  in  the  dust  just  referred  to,  partly  in  stony 
natter,  and  partly  in  the  amount  of  coal  to  l>e  lefl  unworked,  in  consc- 
|uenc^  of  the  ditlieulty  of  supporting  the  roof  in  a  seam  lying  at  such 
a  sujep  angle.     The  yield  given  me  was  15,000  tons  per  acre  from  a 
im  of  14  feet,  which  is  probably  less  than  half  the  actual  weight 
ontaiued  in  the  bed. 

In  aome  caeee  sLz  or  seven  tons  of  water  have  t>o  be  pumped  for 
irery  ton  of  coal  drawn* 

Although  the  thicknesses  already  mentioned  represent  a  fair  average 

iof  the  whole,  I  descended  one  mi^ie  where  the  seum  was  B2  feet  in 
ihickiiess ;  and  in  another  pliice,  after  taking  off  40  feet  of  superin- 
BUmbent  rock,  an  anticlinal  axis  was  bared,  from  which  in  a  face 
kveniging  5u  feet  in  thickness  the  coal  was  quarried. 
i  At  page  557  some  rates  of  labour  are  given;  but  at  the  peiiods 
of  highest  prices  the  hewers  earned  from  8  to  10  dollars  i>er  day  and 
rdiimry  labourei's  in  the  mines  8  dollars.  At  the  period  of  my  visit, 
Uie  Jbnner  dass  was  getting  4  to  5  dollars  and  the  latter  2 
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dollai'8.  The  period  of  labour  for  men  working  on  contract  wm  eight 
hours,  for  daymen  working  at  the  surface  ten  honrs,  and  for  those 
underground  nine  hours. 

In  1876  I  Tisited  the  Schujlkill  anthracite  region,  when  I  wu 
informed  that  the  coal  there  could  be  worked  for  78  oentg,  per  ton 
(28.  lid.  at  the  then  rate  of  exchange),  of  which  about  one-third  wm 
for  expenses  of  breaking  and  sorting.  At  other  collieries  a  cost  of 
1*S0  dollars  per  ton  was  given  (48.  10|d.)  The  vein  of  coal  in  oue 
colliery  I  visited  wtis  uamcd  as  having  a  thick-ness  of  43  feet.  The 
mines  are  about  11<>  miles  from  Philadelphia,  and  the  average  dues  tre 
about  -St^d.  per  ton  per  mile,  which  includes  cost  of  putting  on  botrA 

The  prices  given  me  in  1874,  as  being  paid  at  the  pits  for  furoioe 
coal,  was  lis.  7d»;^  which  with  carriage  of  40  miles  brought  op  tin 
cost,  depressed  as  the  iron  trade  was,  to  IGs.  7d.  delivered  at  tltf 
furnaces.  At  another  work  the  price  given  was  168.,  and  at  a  ihtti 
distant  34  miles  fi'om  the  pit  the  price  at  the  furnaces  was  16s.  llW. 
At  this  work,  a  few  years  previously,  the  same  ooal  bad  beenUi 
down  at  the  furnaces  at  78*  6d. 

In  some  cases  this  coal  is  conveyed  for  great  distances  for  turn 
making,  involving  heavy  charges  for  carriage.  Thus  at  Lake  Champ- 
lain  it  cost,  in  1874,  24s.  to  26s.  laid  down  at  the  furnaces* 

As  a  mere  question  of  suitabihty  for  furnace  work,  there  is  do 
donbt  that  anthracite  is  inferior  to  coke.  This  does  not  arise  fr\)m 
any  tendency  of  this  variety  of  coal  to  cake,  as  the  splint  coal  of  So«' 
land  does  to  a  certain  degree*  On  the  contrary  I  picked  up  pi 
anthracite  twice  the  size  of  a  man*s  fist,  and  found  on  breaking 
that  internally  they  had  all  the  charactenBtic  lustre  of  the  origioitj 
coal.  The  defect  of  this  kind  of  fuel  m  its  tendency  to  decrepiUik. 
and  thus  impede  the  passage  of  the  blast.  To  overcome  this  ol 
tion,  blast  is  commonly  nsed  at  a  pressure  of  7  lbs.  per  square 
and  I  have  fotind  instances  of  12  lbs.  being  used.  In  consequi 
the  inconvenience  just  referi'ed  to,  the  chargei-s  do  not  fill  any 
which  may  be  produced  by  handling,  in  loading  or  unloadi: 
wagons  which  bring  the  coal  from  the  mines.  This  precaution  &»•' 
Tolves  a  rejection  of  3  to  13  per  cent,  of  the  whole,  which  has  to 
used  for  other  purposes. 

'  Dollar  taken  at  3s.  O^d. 


iBOTION  XTin. — CHIBF  IRON-PEODUCENG  COmrTEIES  COMPARED.    635 

Od  looking  over  the  notes  taken  upon  the  occasion  of  several  visits 
\  smelting  establishments  using  anthracite  coal  in  the  United  States, 
have  arrived  at  the  conclusion  that  in  furnaces  up  to  60  feet  or 
'"iihcreabouts  in  height,  blown  with  air  at  750°  to  800^  F.,  85  to  37 J 
cirtB.  of  coal  is  used  for  a  ton  of  foundry  grey  iron,  the  average  make 
Qg  under  SOO  tons  per  week.    The  yield  of  the  ore  was  equal  to 
'  per  eent.  of  pig,  bat»  owing  to  the  flux  cxintaining  a  considerable 
ititj  of  carbonate  of  magnesia,  20  to  25  cwts.  of  limestone  were 

By  raising  the  furnaces  to  a  height  of  70  to  75  feet,  with  a  capacity 
sometliing  over  8,000  cubic  feet,  and  by  using  well  selected  coal 
at  with  air  at  1,100°  to  1,200"^  F.,  the  consumption  of  antliracite 
\  reduced  to  23  to  25  cwts,  per  ton  of  iron ;  but  it  does  not  appuiiT 
>  the  weekly  produce  exceeds  that  of  the  smaller  furnaces* 
My  friend  Mr.  Witherl:>ee  read  a  paper  on  the  use  of  anthracite, 
Drted  in  the  *' American  Mining  Journal"    The  results  were  very 
pourable,  but  in  this  case  the  bkst  reached  nearly  1,400°  F.    Mr. 
Vitherljee*s  figures  are  as  follows : — 


ms. 

WoekUrMRke. 

A.^m. 

VIeUlofOre, 
Per  C«at. 

Coftlui«(J. 

Iferow^fBli 

September 

...     239t 

..     161     . 

54"4       . 

.,     241 

...       1^36 

Octaber 

...  2m 

..     1-60     . 

.       69*2       . 

..     231 

..,       1.370 

November 

...     291A 

.     1-95     , 

55-0 

..     231 

...       1,397 

•Tauaary 

2Si^^ 

,     196 

64-8       . 

..     22-7 

...       1,398 

„     291 1^ 

.     203     . 

.       63"5       . 

..     22*6 

...      1,884 

These  figures  point  to  the  conclusion  that  in  high  furnaces,  blown 
with  air  from  firebrick  stoves,  it  is  possible  to  obtain  a  ton  of  iron  with 
a  consumption  of  about  24  cwts*  of  anthracite  coal ;  which  is  about 
15  per  cent,  more  than  is  required  of  best  Durham  coke.  It  must  be 
recollected,  however,  that  although  this  variety  of  fuel  is  very  poor  in 
^latile  matter,  it  is  by  no  means  to  be  regarded  as  always  consisting 
clufiively  of  fixed  carbon  and  ash.  This  is  apparent  from  the 
fbllowing  analyses : — ^ 

[  *  Tfttmactioof  Americiin   logtitute  MiDing  Engineer*,      Paper  bj   Professor 
'    erjtm.     Vol.  VL,  p.  430. 
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NuMof  OoaL 

Fixed 
Carbon. 

VoUtOs 
MatUr. 

^S^ 

1.— Rhode  Island        

7700 

...     8-00 

...    2OO0 

2. — Ncsquehoning       

86-60    . 

..     6-40     . 

7-00 

3. — Summit  Mines,  Lehigh  County  ... 

88-50 

..     7-60 

..      4-00 

4.—            Do.                   do. 

87-70    . 

..   6-eo   . 

6-70 

5. — Tamaqua 

92-07    . 

..     6-03     . 

..      2^ 

6.—      Do 

89-20    . 

..     4-54     . 

6-26 

7.—     Do 

87-46     . 

..     7-66     . 

6-00 

a— Beaver  Meadow 

88-20    . 

..     7-60     . 

4-30 

9.— Schenoweth  Bed 

9020    . 

..     252     . 

..      7-28 

10.— Third  Coal,  Pottsville      

9410    . 

..     1-40     . 

..      4-50 

11.— Forest  Improrement       

89-20     . 

..     6-40     . 

6-40 

12.— Sharp  Mountain 

9070 

..     8-07     . 

..      6-23 

Among  these  it  will  be  perceived  that  some,  such  as  Nos.  5  and  10, 
containing  92-07  and  94-10  per  cent,  of  fixed  carbon,  are  almost  eqnal 
in  point  of  chemical  composition  to  the  best  Durham  coke;  while 
others  have  a  composition  which  easily  explains  the  reason  of  tbe 
larger  quantity  of  anthracite  used  in  smelting  a  ton  of  pig  iron.  In 
some  cases,  where  the  fixed  carbon  in  this  natural  coke,  so  to  speik, 
approaches  that  found  in  the  best  English  coke,  the  duty  of  the  former 
appears  inferior  to  the  latter  by  about  10  to  15  per  cent. 

Coal  of  Pittsburg. — The  valleys  of  the  Youghiogheny  and  Monon- 
gahela,  in  the  neighbourhood  of  Pittsburg,  contain  immense  resources  of 
bituminous  coal,  fit  for  the  iron-smelter's  wants.  The  district  known  as 
Connellsville  occupies  the  foremost  place  as  a  coke-prodndng  centre. 
I  was  informed  by  a  large  firm  engaged  in  the  trade,  that  the  coking 
seam  there  has  a  thickness  of  11  feet,  and  is  frequently  obtained  from 
levels  which  pierce  the  sides  of  the  rising  ground.  The  workings  are 
neither  troubled  with  gas  nor  water.  The  hewers,  who  load  the  traina, 
work  about  3|  tons  in  8  hours'  actual  labour.  For  this  amount,  in 
1874,  they  were  receiving  8  dollars.  At  the  then  value  of  paper  ca^ 
rency  (3s.  9  jd.)  I  estimated  the  cost  of  a  ton  of  coal  at  the  pit  to  be 
4s.  6d.,  which  included  6d.  per  ton  for  royalty. 

I  cannot  say  that  the  coke  made  firom  the  Connellsville  coal,  high 
as  its  reputation  is  in  the  American  ironworks,  always  impressed  me 
strongly  in  its  favour.  This  may  be  accounted  for  by  the  amoont  of 
foreign  matter  it  sometimes  contains ;  for,  according  to  Uie  Qeoiog^ 
Survey,  it  is  stated  to  contain  12  per  cent  of  ash. 
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The  following  analyses  of  the  coal  used  in  the  ConnelJsville  ovens 
!  copied  from  the  Geological  Survey  of  Pennsylvania,  1870-8,  p.  11 


VoUtUe. 

Fixed  OarlJOo, 

Sulphur. 

AMh. 

Water. 

Hoof  coftl 

38-490 

45-895 

2-905 

11-690 

1*020 

»   100 

»i             •♦' 

36770 

61-407 

2098 

8-890 

775 

=  100 

UpiMjr  bench    .. 

'K)'510 

41-324 

7-666 

9090 

1-510 

-  100 

♦t 

37*375 

64-561 

1-499 

4-475 

1-730 

=   100 

i» 

40-330 

50-311 

2-594 

6-666 

1-080 

-    100 

♦♦ 

85*830 

68164 

761 

4075 

1480 

=  100 

Miun  bench    ... 

36-490 

69-051 

•819 

2'GIO 

1*030 

-   100 

if             ■•♦ 

37225 

56't;08 

'982 

4-M6 

1110 

-  100 

«*             ♦♦• 

35  580 

54  185 

1200 

5*095 

*850 

=  100 

Lower  bench  ... 

38-720 

40253 

3-722 

16176 

1-130 

-  100 

»t            ••• 

85-276 

68167 

758 

4660 

1410 

-  100 

ff            -.♦ 

36*880 

56-829 

796 

4*070 

1*425 

»  100 

*» 

84-666 

60414 

766 

3046 

1*120 

=   100 

** 

34-125 

67-979 

*686 

6-020 

1-290 

-    100 

The  above  are  apparently  from  different  parts  of  tlie  seam,  taken 
&m  different  localities.     Those  which  ibllow  are  not  so  distinguished, 
and  are,  it  ia  to  be  supposed,  the  average  of  the  bed« 


1                   Origin                                 Tolsttlfc 

Fixea 

plmr. 

AMh, 

Water, 

Sear  Monongahelii  City . , .         ...  36  075 

55-030 

1910 

7*385 

-650    =    100 

...  35-315 

57-332 

648 

6*596 

I'llO   =    100 

1                 ^                    35-350 

55010 

•893 

7-715 

1000   -   100 

P                   „                                   .  35-420 

60-537 

'658 

2-166 

1 220   -   100 

[                   „                                    36-810 

65312 

-643 

6-345 

*8gO  =.   100 

■Tiatmorcliwid  Count  J  (slack)  .,,  29330 

57-399 

1-308 

11-063 

-810   -   100 

P                  ^               (small  eoal)  28 145 

58-511 

1*019 

11-116 

1'210  -   100 

27-365 

49-651 

md 

21-195 

'9m  =  ion 

Jjitlinoa  County 27-385 

49-748 

3-017 

19-000 

-850  =    lOtI 

I  find  the  average  of  the  2.3  samples  ia  54*04  of  fixed  carbon  and 
J7  of  ash,  together  62*9  per  cent,  of  curl>on  and  ash,      Act-ording  to 

laboratoiy  returns,  the  average  yield  nf  coke  of  the  same  gampk-s 
E>rk»  oat  to  03*57  per  csent.,  which  would  leave  '06  tor  sulphur.  It 
kpp^ns  that  these  examples,  taken  at  raudum  from  many  othen^, 
mid  indicate  a  content  of  12*38  per  cent,  of  ash  in  the  coke,  which 
gponds  closely  with  the  information  obtained  in  the  country. 
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the  coke  snflSced  to  make  a  ton  of  grey  No.  2  iron.    The  coal  contains 
above  76  per  cent,  of  fixed  carbon,  and  the  coke  has  the  foDowragcom* 

position : — 

Cftrfaoa.  Ach.  Bulplmr. 

Quinnimont  coke,  drj   ...    93-83        ...         5-86         ...         '80     -     10(H» 

Bo.  do.  9311        ...        5-94        ...         -82     -      9W? 

The  furnace  is  60  by  15  feet,  blown  with  air  at  800^  P. 

Goal  in  Kentucky, — The  coal  I  had  an  opportunity  of  examiimig 
was  that  obtained  from  the  eastern  division  of  this  State,  which  supplies 
the  Hanging  Bock  iron  furnaces  with  fuel.  This  coal-field  has  been 
estimated  to  contain  nearly  9,000  square  miles.  From  the  analyses  I 
have  seen,  it  does  not  appear  to  be  very  rich  in  fixed  carbon,  which 
varies  from  68  to  69  per  cent.  The  beds  vary  from  8  to  5  feet  in 
thickness,  and  the  cost  at  the  pit  was  given  me  in  1874  at  4s.  Sd 
per  ton :  a  hewer  being  able  to  cut  3  J  to  4  tons  of  large  coal  for  a 
day's  work,  by  which  he  earned  Ss.  to  98.  Nearly  half  a  ton  of  small 
is  produced,  but  this  being  worthless  the  workman  receives  no  paj 
for  it.  It  is  used  raw  in  the  blast  furnace,  but  is  not  a  strong  coal, 
and  is  apt  to  fall  into  small  pieces.  For  forge  iron  40  cwts.  w«e 
given  as  the  smallest  rate  of  consumption,  and  for  foundry  as  mudi 
as  60  to  60  cwts.  per  ton  of  pig.  The  furnaces,  generally  speaking, 
are  of  moderate  dimensions,  although  one,  at  the  Etna  works,  was 
then  in  course  of  construction  87|  feet  high,  with  boshes  of  18  feet. 

Coal  in  Alabama. — In  1874  very  little  had  been  done  in  opening  up 
coal-fields  in  this  State  for  iron-making  purposes.  Two  furnaces  had 
been  erected  by  the  Red  Mountain  Iron  Co.,  but  they  were  in  liquidation 
at  the  period  of  my  visit.  Since  then  they  have  passed  into  other 
hands,  and  are,  I  am  informed,  doing  well.  I  went  into  one  heading, 
in  the  Cahawba  coal-field,  but  the  seam  was  there  only  a  little  above 
3  feet  thick.  I  also  examined  a  mine  in  the  so-called  Warrior  coal-field. 
Access  to  it,  as  in  the  case  of  the  previous  one,  was  by  means  of  a 
drift.  The  coal  was  also  3  feet  thick,  and  the  men  were  cutting 
about  2  J  tons  per  shift,  for  which  they  were  receiving  2  to  2|  dollars 
(7s.  6id.  to  9s.  6d.  at  the  then  value  of  the  paper  dollar).  The  coal 
appeared  soft.  At  another  colliery  the  coal  was  dirty,  and  required 
washing  before  it  was  coked.  This  amcern  was  largely  worked  with 
convicts,  farmed  from  the  State  lor  75  oiuts  per  day,  which,  with 
food,  clothing,  and  watching,  brought  the  cost  up  to  about  one  dollar. 


RBCnON  XVTII. — CHIEF  IRON-PRODUCINa  COUKTRIKS  COMPARED.    641 


The  best  C4)al  from  the  Warrior  field  had  been  tried  by  a  railway 
^inimDy,  and  found  quite  equal  to  that  of  Pittsburg  and  Kentucky 
locx)motive  purposes. 

The  Alabama  coal,  so  far  as  I  could  learn,  is  highly  bituminous, 
like  that  of  Eastern  Kentucky  is  low  in  fixed  carbon.  The  fol- 
ding analyses  are  copied  from  '*  Macfarlane's  Coal  Eegiona  of 
Qeiica:*' — 


€!»hftwb»  Cah&wfa*,         PAh^^h* 

LefdBocL   Mulberry  Owek.  *-**»*»«>^ 


WwTlor, 


Volatile  combustible 

...     35-51     . 

..     36-68    . 

..     34-49    , 

..    40-60 

FLxcd  ciM-bon 

67i2     . 

..     57-23     . 

..     6009     . 

,.    64-07 

AaH  .., 

e»i   . 

.,       5-30     . 

..      4-32    , 

3*09 

Sulphur 

.     tmce 

..     trace     . 

.         ^17     . 

..       106 

Moisture 

..        .76    . 

•79    . 

'93     . 

..       118 

100- 

100- 

100- 

100' 

9  CoolbuBtiblft.    Pii^  Carbon. 
26-11         .,.         71*6-1 


According  to  an  analysis  of  the  coal  of  one  of  the  collieries  I 
Tisited,  viz,  that  of  the  Newcastle  Coal  and  Iron  Company  in  the 
jTarrior  coal-field,  the  content  of  fixed  carbon  considerably  exceeds 
it  given  above.     It  is  as  follows  :* — 

203       ...        ao         ...         -12     «     lOO 

There  is  however  some  Inconsistency  in  the  statements  which 
^llow,  for  the  author  mentions  43,800  lbs.  of  coal  having  only  given 
24,0n0  Iba,  of  coke  in  a  gas  work,  which  is  a  yield  of  only  55  per  cent.' 
be  gas  obtained  was  at  the  rate  of  10^1176  cubic  feet  per  ton  of  coal, 
ftriog  an  illuminating  power  of  14*5  candles. 
It  would  have  been  premature  to  speak  of  the  cost  of  working  the 
coals  in  Alabama  at  the  period  of  my  visit,  because  the  output  at  any 
ae  mine  did  not  exceed  300  tons  per  day.  On  the  other  hand,  the 
lines  being  recently  opened  out,  the  expenses  attending  the  working 
coal  close  to  the  drift  mouth  were  much  less  than  they  would  be  at  a 
ter  period.  Very  low  prices  were  given  as  suflidug  to  cover  all 
Ejnses :  in  one  case  it  was  less  than  Ss,  exclusive  of  royalty,  for 
which  there  was  nothing  to  pay. 

In  the  work  ah'eady  quoted — **IIill  Country  of  Alabama" — pnb- 
iied  in  1878,  it  is  stated  that  the  cost  on  a  large  output  should  not 

»  *♦  Hill  Country  of  Alubama.'*  p.  46. 

*  Possibly  no  Allowance  is  mode  for  the  cod  consumed  in  firing  the  retorU.^ 
I.  L.  B. 

00 
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excjeed  1*75  dollars  per  ton  put  into  railway  waggons.  Other  aathor- 
itics  express  a  l:>elief  tlmt  the  coal  c4in  be  worked  for  3&,,  but  think 
it  safer  to  reckon  npon  Gs.  All  these  speculations  are  so  e&Ureij 
dcpndent  on  the  cost  of  labour  that  it  is  useless  to  pureue  the  inqtiii^r. 
All  that  need  be  said  at  present  is,  that  with  six  seams  of  ooftl  fn>m 
8  J  to  4  feet  in  thickness,  I  saw  nothing  to  induce  me  to  think  that 
they,  with  labour  at  the  same  price,  could  not  Ijc  worked  as  cheaply,  or, 
as  long  as  the  produce  was  obtained  by  drifts,  perhaps  evea  more 
cheaply  tlian  coal  was  got  in  most  parts  of  the  world. 

.In  the  event  of  the -Alabama  coals  proving  suitable  for  iron 
making,  of  which  there  is  little  doubt,  their  importance,  in  an  indus- 
trial point  of  view»  will  be  immense,  on  account  of  the  inexhaustible 
beds  of  ore  which  are  to  be  found  in  close  proximity  to  the  coal- 
bearing  strata. 

Coal  in  Georgia. — I  only  bad  an  opportunity  of  visiting  one  coal  mine 
in  this  State.  I  measured  the  seam  at  the  face,  where  it  varied  from  5 
to  7  feet  in  thickness,  but  it  often  was  as  low  as  3  feet.  The  avenge 
was  considered  to  be  4i  feet.  One  hundred  and  fifty  convicts  were 
employed  here,  whose  cost  was  mentioned  aa  lieing  80  cents  per  (fay. 
They  worked  as  well  as  men  earning  2  to  2^  dollars.  Tlie  price  piid 
for  free  labour,  hewing  and  loading  into  tmius,  in  1874^  was  28,  7jd. 
(70  cents  paper)  per  ton  of  large  and  small.  Forty  coke  ovens  we» 
at  work,  the  labour  at  which  I  calculated  to  cost  ls»  Id.  per  ton*  Hft 
coal  is  so  soft  that,  as  the  proprietor  informed  mc,  a  man  could  bar 
7  tons  |ier  day,  and  [i^  tons  would  be  an  easy  day's  work.  As  a  fact 
much  less  than  either  of  these  quantities  was  got. 

Coal  in  Tennessee, — ^This  Stiite  possesses  very  large  resources  in 
coaL  One  working  I  went  into  was  approached  by  a  leveL  Tke 
coal  had  a  thickness  of  S-J  to  4  feet.  In  1874  I  made  out  the  cost 
of  hewing  aud  loading  to  be  2s.  7|d.  per  ton,  and  that  the  total  cost 
was  5s.  8d.  Each  hewer  worked  70  cwts,  for  his  day's  work.  To  mj 
eye  the  coal  from  this  colliery  was  dirty,  and  the  coke  made  from  it 
is  de8cril)ed  in  my  notes  ae  rough,  brittle,  and  slaty,  Xeverthelcff, 
from  a  work  on  the  resources  of  Tennessee,  the  analysis  of  the  ood^ 
as  regards  ash,  seems  highly  favourable : — 


CoQibuitiljIe. 
38-87 


Fixed  Cwbon. 


3*6^ 


Moickurou 
101      - 


100 


P«rC«fit. 

•6i* 
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compositions  of  other  samples  irom  this  State  are  giren  as 


Fl&dd  Cttrbott. 

Aih. 

Hoistun». 

SalphurloOoki. 
Far  Cent. 

.       57-52        ... 

2*67 

•09      = 

100 

•13 

,       6310       ... 

770 

...        1-50      = 

100 

... 

45 

.       65-80       ... 

2'80 

...        1-30      - 

100 

•53 

.       63-60       ... 

6-60 

- —       «= 

100 

. 

V(4atlle 
nliuiitibier, 

3H82 

2770 

80-10 

^•90 


I  had  an  opportnnity  of  witncBsing  the  duty  performed  by  coke  in 
be  blast  firnace  near  Chattanooga  j  and  there  certainly,  neither  as  to 
[jpearance  nor  duty,  was  I  favourably  impressed  with  its  quality.  In 
Ring  an  ore  yielding,  in  a  furnace  63  feet  in  height,  48  74  per  cent, 
pig,  tlie  coke  nsed  for  foondry  iron  was  38*34  cwts.  per  ton.  At 
is  establishment  it  is  onJy  right  to  mention  that  the  heating  stoyes 
rere  deficient  in  power. 

At  another  work,  with  an  ore  yielding  58*7  per  cent,  of  pig  iron, 
and  with  a  consumption  of  9  J  cwts,  of  limestone  per  ton  of  metal, 
tie  consumption  of  fuel  was  18'23  cwts.  of  coke,  used  with  12*57 
of  raw  coal  for  forge  pig. 

With  regard  to  the  cost  of  this  Tennessee  coal,  my  information 

is  me  to  set  it  down  at  53»  to  5s.  Cid»  per  ton. 

With  the  exception  of  the  anthracite   berls,   the  whole  of  the 

aerican  coal-fields  mentioned  in  the  preceding  pages  belong  to  one 
huge  deposit.  In  shape  it  is  an  irregular  isosceles  triangle,  with  a  base 
S^f  about  150  miles,  commeucing  about  fifteen  miles  from  Lake  Erie. 
The  perpendicular  runs  in  a  south-westerly  direction  over  a  distance 
faboTe  500  miles,  constituting  probably  the  largest  known  coat-l^earing 
tea  in  the  world.  At  ka  north-east  angle  it  is  about  150  miles  from 
lie  harbour  of  New  York,  Its  eastern  flank  is  little  more  than  100 
ailes  from  the  port  of  Baltimoi'c;  but  further  south  towards  Tennessee 

recedes  from  the  Atlantic  to  a  distance  of  250  to  i30n  miles.  The 
iearest  points  of  the  anthracite  beds  to  the  ocean  arc  New  York  and 
Philadelphia,  both  cities  being  separated  from  these  coal-fields  by  a 
(listance  of  fiO  or  fiO  miles  only. 

Coal  in  Illinois  and  Indiana, — The  information  re-spccting  American 
coal  mines  referred  to  in  the  present  section  is  all  derived  from  personal 
riaitB.    I  had  an  opportunity  of  inspecting  certain  iron  works  in 
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IRON  ORES. 
Gbeat  Bbitaik. 

In  an  industrial  point  of  view  Great  Britain  founded  its  greatness 
as  an  iron  making  centre,  sach  as  it  was  in  the  first  three  decades  of 
the  present  century,  on  the  least  valuable  of  its  ores.  The  furnaces  of 
Wales  and  Staffordshire  for  many  years  were  supplied  almost  eidn- 
sively  from  nodules,  and  from  thin  bands  of  clay  ironstones,  obtained 
from  the  shales  of  the  coal  measures. 

In  the  year  1880  (v.  p.  465)  only  20*59  per  cent,  of  the  entire 
make  of  the  United  Kingdom  was  made  from  carboniferous  day  iron- 
stones, and  of  this  probably  nearly  one-half  was  obtained  from  the 
black  band  of  Scotland  and  North  Staffordshire,  a  variety  of  ore 
discovered  by  David  Mushet  in  the  year  1801.  In  1830  the  total 
make  of  pig  iron  in  Great  Britain  was  678,417  tons,  a  very  insigni- 
ficant quantity  compared  with  our  present  modem  ideas,  but  quite 
large  enough  then  to  place  this  country  at  that  time  fer  above  everj 
other  in  this  branch  of  industry.  Soon  after  1830,  aided  by  tiie 
introduction  of  the  hot  blast,  black  band  commenced  to  be  largely 
used  in  Scotland,  and  hematites  from  Cumberland  or  Lancashire 
were  also  being  taken  in  small  quantities  to  South  Wales  and  South 
Staffordshire  as  an  admixture  with  the  poorer  clay  ironstones.  In 
1880^  21*04  per  cent,  of  the  entke  make  of  the  kingdom,  close  on 
8,000,000  tons,  was  estimated  to  be  smelted  from  native  hematites, 
and  19*85  per  cent,  from  imported  ores  of  this  class — in  all  40*89  per 
cent,  thus  coming  from  an  ore  but  sparingly  used  before  1830. 
Excluding  hematites  and  carbonates,  the  remainder  of  the  make,  m 
38*52'  per  cent,  of  the  whole,  is  made  up  of  the  produce  of  the  lias 
measures,  a  mineral  scarcely  known  to  the  iron  trade  until  after 
1850. 

Middlesbrough, — ^The  furnaces  of  this  district  are,  as  is  well  known, 
supplied  chiefly  fi'om  the  famous  bed  of  ironstone  of  the  Cleveland 
hills.  I  say  chiefly,  because,  owing  to  the  demand  for  hematite  pig  for 
the  steel  works  and  a  general  depression  in  the  iron  trade,  a  certain 
number  of  the  furnaces  in  the  north-eastern  corner  of  England  is 

^  The  quantities  of  ores  raised  in  the  United  Kingdom  are  given  up  to  188S> 
V.  p.  454,  bat  I  have  preferred  quoting  from  an  analysis  of  the  oonsnmpoon  given 
at  p.  455. 
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smelting  ore  brougi^t  horn  Bilbao*    In  1881  however  no  less  than 
SS8»471  t-ons,  an  J  in  the  following  year  6,32  G,3H  tons,  were  worked 
t>m  the  hills  adjacent  to  Middlesbrough. 
Few  words  need  be  said  respecting  the  bed  referred  to.     It  varies 
1 8  to  1 0  feet  as  an  average  thickness,  and  varicB  in  yield  of  pig 
m  ^2  per  cent,  at  the  mines  on  the  northern  edge  of  the  bed  to 
per  cent,  at  its  more  sonthem  extremity  near  Whitby. 
The  net  earnings  of  a  miner  have  already  been  given  at  page 
The  average  weight  worked  [>cr  man  over  a  series  of  years  is  as 
iws  :^^ 


1870,     ISri-      iaT2.      1873.      1874.      1875.       1876.       1877. 
Tom*    Twua.    Tons,    Totu.     Tt>ti».     Tons,    Toia     Ton*. 


1878. 
TotiB, 

535 


1S79.     lam 

Tool,       TOJML 

5-25     635 


The 


500    500    510    505     520     5-26     6-25     5*25 

actual  rate  for  mining  was  from  lOd.  per  ton,  in  18G8,  to 

varying  from  Is.  4 id.  to  Is.  7d.  in  1873  and  1874;  being  an 

of  60  per  cent.    The  price  paid  in  1883  to  the  miners  was 

10|d.  per  ton.    In  all  cases  oil  and  powder  are  fomid  by  the 

men-     In  1HG8  the  average  price  of  No.  3  Cleveland  pig  was  about 

448,;  but  in  1883  the  price  was  only  368.  lod,,  so  that,  having  regard 

y^the  value  of  iron,  which  now  rcgulatcs  the  wages,  the  cost  of  hewing 

BpDonBidembly  increased  since  tlie  former  year. 

The  average  earnings  of  the  entire  complement  of  men  above  and 

tw  ground,  during  1883,  were  ulxjut  4a.  4d.  per  shift.     The  output 
man  engaged  in  some  Cleveland  mines  reaches   S)00   tons  per 
am.    So  far  as  my  data  enable  me  to  judge,  the  men  in  the  Nancy 
Aad  Long^^7  mines,  working  a  similar  kind  of  ironstone,  do  not  turn 

t  above  50iJ  tons  per  head. 
Accca'ding  to  the  Government  returns  the  average  numbers  of  tons 
ked  in  the  Cleveland  district  per  man  per  annum  has  been  as 
oUows  : — 
The  average  seUing  prices  of  ironstone  per  ton  of  20  cwts.  delivered 
at  Middlesbrough  as  a  centml  point,  during  the  years  in  question,  are 
\  by  the  largest  vendors  in  the  trade  as  under: — 

Wn.    laTl    1873.    WL      1876.        1076.       1877.     1978.         1879.      IBSd     1881.   1881   1889. 
5fi.     6b.     7«.     7^.    6it.6d.  5s.  6d.    5fl.    4fi.8d.   4s.4<L   5ft.     5ft.     5s.     6it. 

^  Thfifte  lire  cotisidercd  (is  tlje  avcmge  of  ttie  district.    The  fig^ures  ^ves  p.  520 
i  tot  ft  few  miuei  otiiy, 
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557 
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Thcfie  quotations  and  costs  of  Uboiir  roaj  Knre  as  a  maua  of 
compiirison  with  other  districts,  some  of  which  latter  I  hare  noi  Tuairi 
few  many  years. 

The  average  cost  of  transport  of  ironstone  from  the  miiiea  t»  the 
Middlcsbmngb  f  am  aces,  maybe  regarded  ag  amounting  to  la.  3d.  per  to. 

The  composition  of  the  ironstone  of  Cleveland  has  already  beet 
giTcn  in  these  pages.  In  practice  65  to  S8  cwts.  of  the  mioeral,  m  it 
is  received  from  the  mines,  are  reqnired  to  produce  a  ton  of  pier  ifOT* 

Lincolnshire. — The  geolc^cal  measures  found  in  the  Ckrdiad 
hQls  pass  in  a  south-westerly  direction  through  Lincohifiiijre  tod 
Northamptonshire  on  their  way  to  the  EngHah  Channel,  where  Ihtr 
reach  the  sea  in  the  county  of  Wilts.  It  is  in  the  first  two  aluot 
however,  that  the  ironstone  they  contain  has  been  wrought  to  as? 
extent. 

The  nM>de  of  working  the  ore  in  Lincolnshire  is  very  simple.  A 
bed  of  sand,  2  or  3  feet  in  thickness,  is  removed,  and  in  many  plw» 
immediately  below  it  is  a  aeam  of  ironstone,  measnriog  10  to  18  feci 
from  top  to  bottom.  It  is  so  loose  that  for  Is.  per  ton  it  can  he  pot 
iBto  wagons.  At  another  quari7  Is.  to  Is.  &&,  was  given  as  the  total 
cost  of  labour  for  working.  In  consequence  of  its  very  cheap  extno- 
tion  the  landowneriB  charge  Is.  per  ton  as  a  royalty.  It  iras  toUt 
delivered  at  the  works  which  are  close  to  the  ironstone  workingB,.it 
3b.  f!d.  in  1874,  and  yielded  at  this  place  34  per  cent,  of  pig  iron. 

The  iron  it  cootiiins  has  no  doubt  been  in  the  form  of  carbonate^ 
but  exposure  to  atmospheric  influence  has  con\erted  it  almost  entirely 
into  a  hydrated  peroxide.  The  mineral  has  a  very  varied  compositioo, 
changing  at  every  foot  of  depth  in  a  remarkable  degree.  An  analTfli 
was  made  of  each  foot,  where  the  bed  had  a  thickness  of  20  feet.  Thi 
composition  of  the  first  8  feet  is  given  as  examples  of  what  has  jiui 
been  said : — 
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I  The  average  of  these  8  feet  is  28'72  percent,  of  iron  as  it  is  worked, 
S2'84  when  dried  at  212°  F.    Some  contains  only  1.1  to  15  per 
leat.  of  metal,  and,  of  tho  whole  20  feet,  above  one-tldrd,  viz*,  7  feet 

trains  less  than  20  per  cent,  of  iron*  The  ayerage  of  the  entire  bed 
bis  place  IB  22*4  per  cent,  as  worked,  and  25*31  per  cent,  when  in 
dried  state.  For  the  furnace  tbe  poorer  portions  are  thrown  back, 
Q  OS  to  give  Q  mineral  yielding  about  84  per  cent,  of  pig  iron.  It  is 
B|ked  raw,  and  requires  no  lime;  indeed  an  admixture  of  a  less 
BttreoQS  stone  is  needed  for  working, 

^L^arfhamphns/iire. — Near  Bletchley,  tlie  ore  is  worked  opencast 
Kl  a  bed  18  feet  in  thickness,  the  covering  of  clay  being  C  or  10 
let.  It  is  like  that  of  Lincolnshire,  in  the  form  of  a  hydrated 
gppxide.  It  is  60  easily  worked  that  it  onJy  costs  5d,  per  ton  t*j  put 
■b  wagons.  The  royalty  varies  from  6d.  to  la.  per  ton.  Instead  of 
ting  calcareous,  as  the  Lincolnshire,  the  Xorthamptonshire  stone  is 
[jly  siliceous.  Labour  is  cheap  here;  the  miners  were  not  receiving 
be  time  of  my  visit  above  Jis,  2d.  per  day.  The  mineral,  giving  S8 
|oeDt.  of  pig  iron,  costs  2s.  8d.  to  3s.  0d,  or  4s.  delivered  at  the 
cording  to  the  distiince  from  the  quarries. 
' . — No  place  presents  greater  uncertainty  in  arriving  at  any 
lofiion  rt'Spocting  the  costp  delivered  at  the  ftirnaoes,  of  the  ore 
jloyed.  The  black  band  in  former  times  was  chiefly  obtained  near 
jmaoes ;  but  nuw  wiien  tliis  mineral  is  smelted  it  has  to  be  brought 
.  various  distances,  and  being  scarce  it  is  worked  under  ciroum- 
which  ha^-e  greatly  increased  its  cost.  The  quantity  deficient 
tly  made  up  by  working  clay  band  ironstone,  which  also  varies 
iderably  in  cust  of  extraction  and  in  the  distances  from  which  it  is 
jht.  To  some  extent  also  the  deficiency  of  ore  is  made  good  by 
!e  importation  of  the  mineral  from  Spain.  From  a  conversation  I  had 
Ml  the  late  Mr.  William  Baird,  the  senior  partner  at  Gartsherrie,  I 
Hnr^  I  am  ivithln  the  mark  in  stating  that  at  the  present  moment, 
!tli  cheaper  labour  than  is  paid  in  North  Yorkshire  and  Sontb  Durham, 
aron  is  costing  CO  fier  cent,  more  to  produce  than  it  did  in  former 
B,  aa  descrilxjd  to  me  by  Mr*  Baird.  There  is  moreover  an  impor- 
j  difference  between  tlie  two  periods  in  question,  Tiz»,  that  when  the 
ivF9A  being  cheaply  manufactnred  it  was  sold  at  a  high  price,  whereaa 


xrm, — cniBF  iboij-pjioduoing  cxhuttries  coscfibbi. 

{m  iSdS)  tint  the  expciiseg  of  prodQction  are  greatlj  iocrwicd, 

I  marlDH  valae  of  the  result  is  generaJlj  stated  by  the 

•  la  be  below  ooBt  price. 

I  VSIt  I  beafd  of  calcined  black  band  being  sold  at  14eL  SNLai 

ill.  te  whkh  Is.  C>d.  had  to  be  added  for  convejajiGe  to  the  ftir- 

price  would  leave  a  profit  t4>  the  mineral  owDer*  fiv  to 

>  I  heard  of  it  being  raised  at  lOfi.  to  11b.  at  the  pieai    Hie 

i  HQold  be  aboot  G3  per  cent,  of  pig. 

AlMfithiPT  work  I  visited  calcined  black  band  was  being  ddivmd 

«i  iIm  foniftces  at  Ids.    At  the  same  time  I  heard  of  calcined  dij 

hiod  906601$  to  haj  10s.  to  13s.  per  ton. 

4  bam  in  the  ironstone  pits  of  Scothind  cnta  about  1|  tciiif  of 
MW  black  band  or  1  ton  of  clay  baud  for  liis  days  work.  The  avenge 
iwf  fftgw  of  ihe  staff  engaged  in  an  ironstone  pit  was,  at  the  period 
of  mj  ciqiuij,  only  2s-  8d.  per  day.     Nothing  ia  allowed  for  hoaM 


Al  one  work  the  ironstone  miners  averaged  from  Sa.  1*51  d.  to  3b.  91 
fir  day,  and  the  dmwers  fixmi  3s.  tc»  48,,  working  5:}  days  in  the  week, 
M  ibat  time  the  men  were  under  notice  of  a  reduction  of  10  pcf 

AmU  Sojfordshire. — The  mitive  ironstone  lies  in  thin  bands  or  in 
mMhi  ombedded  in  shale  of  ike  coal  formation.  To  get  the  siooe 
Ihii  wockman  has  to  excavate  so  much  shale  that  he  only  gets  abeol 
S^cvts^  for  bis  day's  work.  The  actual 'cost  of  working  profaaUy 
miaa  ooosiderably.  Its  market  value  is  about  156.  per  ton,  yielding 
tt  J»r  cent,  of  pig  iron.  This  price — equal  to  438.  for  ore  alone 
Oft  owry  ton  of  iron  made  from  it — easily  explains  the  decadence 
of  iioikstone  mining  in  this  old  and  celebrated  seat  of  the  in»n  tmde, 
OuUKsdderable  quantities  of  Nortliaraptoushirc  stone  are  now  smeltei 
in  Stiuth  Staffordshire,  costing  about  7fi.  delivered,  so  that  the  cost  for 
im  par  ton  of  pig  will  be  about  one  half  that  obtained  from  natiff 
iffoiisloiie. 

Jf'Orik  SUtffordshire, — ^The  ironstone  worked  in  this  district  ooQ^ 
data  largely  of  black  band.  In  one  pit  I  descended,  the  property 
His  Grace  the  Duke  of  Sutherland,  tlie  bed  hatl  a  thickness  of  about 
i  feet.    At  one  ironwork  I  was  permitted  to  visit,  tliree  scama  of 
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)  found  :—(l)  "Black  band/*  U  inches  thick,  lymg  on  the  top  of  18 

ii^  of  poor  coal ;  (2)  *'Red  slag  ironstone,"  16  inches  thick,  lying 

e  2  feet  of  poor  coal ;  (3)  the  "  Red  Mine  stone,'*  20  inches  thick, 

18  inches  of  coal.    Besides  these  there  is  a  bed  of  clay  ironstone 

[  feet  in  thickness. 

These  valuable  beds  of  ironst-onc  lie  in  the  carbonirerous  measnres, 

are  the  seams  of  eoal  vary  fmm  3  feet  to  7  feet  in  thickness.     The 

Id  of  pig  iron  from  the  calcined  minerals  used  was  about  50  per 

The  coal  was  chiefly  used  raw  in  the  fiuuace,  and  something 

Jer  two  tons  was  required  per  ton  of  pig,  a  very  high  temperature 

I  blast  being  maintained. 

biB  mineral  field  is  not  a  large  one,  but  as  far  aa  it  extends  it  is, 
Fwhat  has  been  stated,  eminently  valuable. 

Cumberland  and  Lancmhira — Htmaiites. — For  many  years  the 

Bf  importance  of  the  valuable  ores  of  these  two  counties  arose 

their  use  as  an  admixture  with  the  poorer  ironstones  of  Stafford- 

and  Wales.     This  was  particularly  the  case  in  the  Principality, 

the  Welsh  ironstone   did  not  greatly  exceed   25  per   cent, 

detal,  and  where  the  employment  of  forge  cinders,  rich  in  phos- 

8,  requh-ed  correction  liy  the  pres^enoe  of  an  ore  contain  mg  but 

m\\  percentage  of  this  metalloid.      After  the  invention  of  the 

emer  process,  in  which  a  very  pure  pig  iron  was  indispensable, 

demand  for  metal  made  exclnsively  from  hemutites  increased  so 

Rtly  that  ultimately  large  importatiuiia  of  foreign  ores  into  Great 

jlfeain  have  been  requii^d  to  supplement  the  produce  of  our  native 

les. 

In  Guml)erland  imd  Lancashire  the  hematite  ore  lies  in  pockets,  as 
I|liey  are  tei-med,  or  in  veins.     Both  are  so  irregular  in  point  of  size 
in  general  conditions  that  it  woidd  be  impossible  to  say  what  con- 
the  average   output  per  man.     TJiis  varies,   as  n:iight  be 
cted,  not  only  in  different  mines  but  in  different  places  of  the 
ime  mine. 

In  two  of  four  mines  known  to  mc  the  average  output  was  a  trifle 
jer  15  cwts.  per  day  for  all  the  hands  employed  above  and  below 
id.     In  the  third  it  was  about  aSJ  cwts,,  and  in  the  fourth  S6 
per  diem. 
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The  following  analyses  of  samples  taken  from  the  dep6ts 
ore  is  stored  ready  for  delivery  to  the  fmnaces  give  a  foir  i 
composition  of  the  produce  of  the  Lancashire  mines  :-* 

Peroxide  of  iron... 72  21  7424  70*17  80W  76-34  73-21  7673 

MoUture           ...  691  720  6*61  7'32  614  647  6-91 
Insoluble  in  acid, 

chiefly  silica  ...16-18  1214  19*36  6-90  17-69  12-47  9*68 

Soluble  do.,  chiefly 
lime      4-70      6*42      886      6*88      1*83      7*85      668 

100-00  100*00  100-00  10000  10000  10000  100-00  I 


Metallic  iron    ...  60-65    61*97    4912    66*68    52*74    61*25    6371 

The  average  wages  of  all  engaged  above  and  below  grou 
taken  at  4s.  to  4s.  8d.  per  day. 

In  the  present  depressed  state  of  the  trade  the  price  of 
taining  from  51  to  62  per  cent,  of  iron,  is  about  1  Os.  per  toi 
may  be  added  Is.  6d,  for  delivery  at  the  fdrnaces. 

Obx  in  Gbhman  Zoll  Verbis, 
Rhenish  Provinces. — These  are  an  old  seat  of  the  iron 
the  Lahn  valley  red  and  brown  hematites,  as  well  as  sps 
have  been  wrought  for  many  years.    The  average  yield  of 
tites  in  iron  was  given  me  at  52  per  cent.,  and  the  cost  a  1 
10s.  per  ton. 

In  the  coal  district  of  the  Ruhr  clay  ironstone  is  obtains 
is  besides  a  certain  quantity  of  black  band  found  in  Westpb 
costs  10s.  to  12s.  per  calcined  ton,  yielding  50  to  55  per  o 
iron.  The  Nassau  red  ores  yield  from  45  to  48  per  cent, 
quoted  at  13s.  to  15s.  in  1878,  delivered  at  the  furnaces.  [ 
roasted  spathose  ore,  containing  48  per  cent,  was  given  i 
high  as  22s.  per  ton ;  it  is  very  valuable  for  the  steel  ma 
contains  8  per  cent,  of  manganese.  In  1878  this  valuab 
quoted  at  20s. 

At  the  market  rates  of  ore  and  their  yields  of  pig  iron  I 
that  in  1878  the  cost  for  ore  per  ton  of  metal  was  as  foUowi 

F 
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B;At  the  present  time  large  quantities  of  ore  are  brought  iu  from 
K|bao,  which  iu  1882  cost  23s,  pci'  ton  delivered  at  the  works.  Since 
^t  time  freights  as  well  as  the  ore  itself  have  receded  cousiderably 
R price.  Ships  bring  it  to  the  United  Kingdom  and  take  their  chance 
■•finding  a  markefc  for  it  on  their  arrival.  In  thia  waj  it  has  been 
■trered  occasionally  at  as  low  a  price  as  10s.  6d.  at  Cardili,  so  that  it 
H^Bsible  moderate  quantities  may  now  find  their  way  to  Westphalia 
■18s.  to  20s.  per  ton. 

V*Ore  was  being  used  near  Dortmund,  obtained  from  Sauerland, 
Bich  only  cost  8s,  to  Ds,  per  ton  and  yielded  4(J  to  48  per  cent,  of  iron. 

■  At  the  period  of  my  visit  very  sanguine  expectations  were  enter- 
■ned  of  obtaining  supplies  from  a  bed  of  oolitic  ore  in  Hanover.  It 
BB  said  to  contain  40  per  cent,  of  iron,  and  to  cost  6s.  6d.  delivered 
■the  furnaces,  the  actnal  cost  of  extraction  not  e^xceeding  Is,  8d.  per 
Hp :  but  I  have  since  been  informed  that  the  results  have  not  proved 
■satisfactory  as  were  anticipated. 

■  OOLtTtC   IsOHBTOKa   OF   WeSTSEN   GSMlfAT^T   ilXD    EaBTKRN    FsANCB. 

■  The  great  bed  of  this  ore  (corresponding  to  a  great  extent  with 
m/^  geological  position  of  the  Cleveland  and  Northamptonslnre  iron- 
■jpe)  in  thickness  and  point  of  ijuality  is  at  about  its  best  at  Metz 
mjA  Luxemburg.  It  commences  near  the  town  of  Luxemburg,  and 
■iUds  in  great  perfection  to  the  south  of  Nancy,  a  distance  of  about 
B  miles.  It  is  worked  considerably  to  the  south  of  the  latter  town 
H  the  Creuaot  Iron  Comptuiy,  but  there  the  bed  is  thinner  and  not  so 
Hb  in  iron  as  it  is  further  north* 

■  JJeparlmenf  of  iJie  Mosells, — When  I  first  visited  this  district,  in 
■G7>  the  miners  near  Jletz  were  being  paid  Is.  7^d.  ptr  ton  for  work* 
Kg  the  bed  uf  ironstone  mentioned  above*  This  included  working 
^p  stone,  loading  it  into  wagons,  and  pushing  them  to  the  main 
Hads»  oft^n  a  distance  of  about  100  yards.  Two  men  worked  together 
K  in  Cleveland,  and  in  a  shift  of  10  hours  they  goL  4  tarn  of  good 
Hone.  The  total  cost  of  the  stone  at  that  time  did  not  exceed  2s.  Od« 
HT  ton.  The  seam  ia  about  13  feet  thick,  and  is  approached  by  a 
Bvel.  Intei-spersed  in  its  substance  are  thin  irregular  masses  of 
■ilcareons  matter,  which  contain  only  lb  per  cent,  of  iron,  and  arc 
Bjectcd  as  ore,  but  are  sometimes  used  as  ^nx.  The  stone  is  chieOy  a 
Bdrated  peroxide,  losing  only  15  per  cent,  on  ignition,  and  hence  \& 
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used  UQcalcined  in  the  fiunaoe,  in  which  state  it  yieldi 
iron.  Owing  to  the  calcareons  nature  of  the  mineral 
is  required,  and  only  for  foundry  pig.  The  stone  is  ei 
that  in  a  furnace  49  feet  high  a  ton  of  white  iron  in 
with  22*80  cwts.  of  coke,  partly  brought  from  Saarbi 
from  Belgium,  although  the  blast  had  only  a  tempera 
(662°  F.)  By  raising  the  fttrnaces  to  66  feet,  the  cob 
reduced  to  20*84  cwts.  For  grey  foundry  iron  how 
over  28  cwts.  of  coke  was  formerly  consumed.  Su 
temperature  of  the  blast  was  raised  to  440°  G.  (824°  F, 
sumption  of  coke  was  reduced  in  a  50-feet  fiimaoe  to 
white  iron.  Firebrick  stoves  were  applied  to  a  furnace 
I  believe  that  no  economy  was  obtained  by  raising  i 
500°  C.  (932°  F.),  at  which  temperature  the  coke  for 
reduced  to  18*74  cwts. 

In  the  production  of  one  ton  of  foundry  iron,  in  18 
coke  were  consumed  in  a  furnace  50  feet  high,  blov 
957°  F. ;  while  in  another  furnace,  58  feet  high,  blov 
1,337°  F.,  the  consumption  for  the  same  quality  was  on 
ton  of  metal. 

In  1878  the  cost  of  the  coke  imported  from  Saarbi 
from  Westphalia,  17s.  6d.  t  and  from  Belgium,  208.  pei 
at  the  furnaces.  In  each  case  the  coal  used  at  the  ex 
small,  and  sold  at  a  lower  price  than  the  cost  price  of 
put  of  the  mine.  The  average  cost  of  conveying  the 
mines  in  the  proportions  used  was  about  48.  to  5s.  pei 
the  average  cost  about  18s.  or  19s.  at  the  iron  works. 

A  valuable  deposit  of  the  same  ore  as  just  descri 
near  Longwy  in  the  same  department.  It  is  so  silic 
limestone  added  reduces  the  yield  of  the  mixture  to  25 

The  following  analyses  indicate  the  composition  of  t 
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Lnjemhtrg. — There  are  two  beds  of  ironstone  in  the  locality  I 

lited — the  red  and  the  ^ey ;  the  one  8  to  9 J  feet  in  thickness  and 

other  about  11  feet.    They  crop  out  along^  a  hill  side,  and  are  won 

en  work  as  long  as  the  baring  is  nnder  80  feet  in  thickness,  after 
icb  they  ore  mined  in  the  ordinary  way.  Two  men  in  12  hours, 
ting  for  meals,  load  a  railway  wagon  holding  10  tons,  for  which 

I'eceived  (in  1878)  Os.  7d.,  they  finding  their  own  powder  and  oiL 
big  is  equal  to  ll^d.  por  t»on,  and  left  8s.  2d.  net  for  each  mon. 
rSome  of  the  iron  e^sts  as  silicate  and  none  as  carbonate.    The 

.  is  chiefly  in  the  form  of  a  hydratcd  oxide,  the  water  of  hydration 
l^oanting  to  10  per  cent,  of  the  whole.    The  following  analyses  show 
ne  of  the  constituents  of  the  two  seams : — 


31"40 


•68 

The  following  are  complete  analyses  of  yarious  specimens  of  the 
ince  of  the  Luxemburg  mines ; — 
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33-21     , 
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4204     .. 
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Gi 
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..   6itol6ifeet.  .. 

.    64toJ>|leet 

Wo  have  thus  a  total  thickness  of  19|  to  39  feet  of  mineral^ 
eraging  about  *\h  per  cent,  of  metallic  iron.    No,  I.  is  the  lowest, 

IL  lies  S24  to  40  feet  above  No.  I.,  and  No.  III.  32^  to  36  feet 
DTe  Xo«  II.,  so  that  there  is  approximately  an  average  of  ^9  feet  of 
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ironstone  beds  comprised  in  a  space  of  160  feet  of  strata.  It 
be  very  difficult  to  find  a  place  richer  in  this  ore  or  where  the  i 
is  more  easily  won  than  it  is  in  this  part  of  the  duchy. 

It  will  be  seen  that  both  seams  are  rich  in  phosphomSy  as  indeed 
is  proved  by  the  composition  of  the  pig  iron,  as  below : — 


Silicon 

Aiialyaeaof  Lozemtmrff  Iron. 
White  Forge  Iron.                    Groy  Fonwlry  Iraa. 
•460                 ...                  2012 

Phosphorus   ... 

1-892 

1-902 

Salphur 

•431 

-060 

Including  a  royalty  of  6d.  to  9\d,,  the  cost  of  the  Luxemburg  ore 
varies  from  2s.  6d.  to  3s.  per  ton  at  the  mines,  which  are  som^iiDei 
close  to  the  furnaces. 

The  coke  is  brought  from  Westphalia  and  Belgium.  The  former 
cost  17s.  2id.  in  1878  delivered  at  one  set  of  furnaces,  the  price  at  tbe 
ovens  being  8s.  4d.  to  9s.  l^d.  That  from  Belgium  was  charged 
lis.  lO^d.  at  the  ovens.  The  cost  of  transport  varied  from  48.  S^d. 
to  5s.  11  Jd.,  or  an  average  of  5s.  3d.,  so  that  the  average  cost  at  the 
furnaces  was  17s.  l^d.  The  Westphalian  coke  contained  7^  to  10  per 
cent,  of  ash  and  the  Belgian  11  to  13^  per  cent. 

This  Luxemburg  ore  is  smelted  in  furnaces  58^  feet  high,  with  t 
content  of  about  12,000  cubic  feet.  The  blast  is  heated  to  850  to 
400°  C.  (672  to  752°  F.)  They  were  running  700  tons  of  white  iwa 
per  week  at  the  period  of  my  visit  (1872),  but  this  greatly  exceeds  the 
average  hitherto  attained.  In  1872  the  make  of  each  furnace  worked 
out  to  19,230  tons  (of  1,000  kilogrammes),  and  in  1874  to  18,4(1 
tons,  chiefly  white  iron.  The  coke  consumption  for  this  quality  wai 
2260  cwts. ;  but  for  foundry  iron  it  was  very  much  higher.  It  it  not 
usual  to  employ  any  limestone.  As  many  as  100  men  are  required  to 
man  each  furnace,  which  is  more  than  double  the  number  employed 
in  Cleveland. 

Department  of  the  Meurthe. — The  ironstone  which  commences  in 
Luxemburg  is  worked  very  extensively  in  this  department  betweei 
Pont  a  Mousson  and  in  the  Nancy  district.  The  beds  which  furnish  it 
are  much  thinner  than  in  the  duchy,  1  to  2  metres  (3^  to  6^  ieet)  being 
the  usual  thickness.  It  was  sold  (1878)  at  prices  varying  from  2t.  4|d. 
to  3s.  1  l^d.  delivered  into  boats  on  the  canal  or  into  railway  wagooi. 
The  average  cost  of  extraction  was  given  at  aboat  2a.  tUL 
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The  richest  ore  I  heard  of  contaitiB  45*91  per  oenfe,  of  iron,  but  the 
etage  is  not  above  87  per  cent.    The  ore  generally  oontaina  10  to 
per  cent,  of  silica,  and  5  to  6  per  cent,  of  lime*    The  phosphorus 
iea  from  *5  to  neiirly  *i}  per  cent. 

At  one  place  the  fiirnaces  were  55^  feet  in  height,  and  contained 

trifle  under  6,000  cubic  feet.    The  blast  was  heated  to  400°  C. 

^52*^  F.)     The  ore  cost  3s.  OJd-  delivered  at  the  mines,  with  lljd. 

Drt  to  the  furnaces.    The  make  was  about  315  tons  of  grey 

mdry  iron  per  week,  for  which,  28*G0  cwts*  of  coke  were  used; 

icreas  20  cwta,  per  ton  sufficed  for  making  white  pig.    The  coke 

was  brought  from  Anzin,  Westphalia  and  Saarbriick,  and  cost 

lOd.  to  21s.  8d.  delivered  alongside  the  works. 

At  other  works  the  coke  consumed  had  the  tbhowing composition: — 


A*h 

SttartrUcJt. 

la  10 

9-60 

Water     ,., 

...       5-70 

200 

4-10 

Cwbpn    ,,. 

...     8318 

84-90 

loo-w 

86-40 

10000 

100^ 

Costfttovenfl    ...llfl.6d.  13s.  5^.  8ft.8icL 

The  cost  of  transport  from  the  Euhr  was  about  128.  Ud.,  duty  and 

Is.  Sd,^  total  148,    The  duty  and  carriage  from  Saarbriick 

0s.  if  by  rail  and  48,  Gd*  by  canal,  and  from  Anziu  79.  8d.  by  boat. 

ie  cost  of  coke  at  the  Nancy  group  of  fornaoes,  in  1878,  would  be 

3,  Gd.  to  2ls.  1  Jd.    There  is  a  considerable  loss  from  breakage  on 

i>ke  bronght  from  so  great  a  distance,  Saarbriick  being  62  miles, 

rin  277  miles,  and  Rnhrort  216  miles  from  the  furnaces.    With 

ebrick  stoves  I  heard  of  21  cwts.  of  coke  being  consumed  per  ton 

'  grey  iron. 

At  another  mine  the  cost  of  working  the  stone  was  named  at 

5d.,  which  with  carriage  brought  the  price  to  3s.  to  Ss*  2id. 

riivered  at  the  furnaces*    The  coke  contained  14  per  cent,  of  ash,  and 

ometimes  as  mnch  as  10  per  cent,  of  water.    That  brought  from 

arbruck  cost  188.  in  1878  by  boat,  and  from  Anzin  22s.  also  by 

aaL    For  white  iron  21*60  to  23'tJO  cwts.  of  coke  were  consumed 

fer  ton  of  pig,  with  blast  at  375°  0.     Upon  certain  occasions  no 

is  used,  upon  others  flnx  is  required,  aooording  as  the  ore 

^  tons  or  the  reverse. 
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St.  Dizier. — It  is  manj  years  (1867)  sinoe  I  vidted  this  ne^- 
bonrhood.  Ifc  is  an  old  seat  of  the  French  iron  trade,  where  ontil 
recently  charcoal  was  the  only  fuel  nsed«  A  canal  in  process  of  con- 
stniction  enabled  Prussian  coke  to  be  brought  at  a  cost  of  26b.  4|<L 
per  ton.  Upon  its  completion  it  was  expected  to  rednoe  this  price  to 
23s.  2id. 

The  ore  employed  is  a  brown  oxide,  fonnd  in  pocketSy  and  was 
conveyed  to  the  works  along  the  ordinary  roads  of  the  country.  The 
items  of  cost  were  Is.  7d.  for  working,  4}d.  for  royalty,  and  2s.  Oi<L 
for  carting,  a  total  of  4s.  It  contains  32  per  cent,  of  iron.  A  more 
distant  mine  afforded  an  ore  which  yielded  42  per  cent.,  bat  the  cost 
was  8s.  per  ton.  The  proportions  used  were  three  parts  of  the  £>imer 
and  one  of  the  latter.  The  furnaces  at  that  time  were  42  to  45  feet 
high,  making  from  56  to  115  tons  per  week.  The  coke  required  fcr 
a  ton  of  mottled  and  white  iron  ranged  from  22  to  24  cwts.,  but  for 
a  whole  year  at  the  works  of  my  informant^  the  work  was  done  for 
20  cwts.  The  native  ore  by  itself  was  said  to  be  unfit  for  makinji: 
foundry  iron. 

Central  France. — The  works  at  Fourchambault,  eta,  in  1867  were 
supplied  with  ore  from  irregularly-shaped  pockets  found  in  the  lime- 
stone rock.  Pits  were  sunk  through  the  superincumbent  strata 
(about  100  feet  in  thickness)  to  the  ore,  which  occurs  in  the  form  of 
gravel,  and  being  mixed  with  earthy  matter  requires  washing.  It  is 
an  expensive  ore,  costing  about  10s.  per  ton,  and  only  yielding  35  to 
40  per  cent.  In  smelting  it,  half  its  weight  of  limestone  was  being 
used.  The  coke  was  then  brought  from  the  Gommeutry  coal-field,  at 
a  cost  of  about  IGs.  6d.  per  ton.  In  furnaces  of  40  feet  the  coosump- 
tion  of  coke  was  32  to  85  cwts.  per  ton  of  grey  iron.  At  Commentiy 
itself  white  iron  was  being  made  from  ore  similar  in  nature  to  that 
used  near  Fourchambault,  etc.,  with  21*46  cwts.  of  coke  and  14  cwta. 
of  limestone. 

It  would  appear  from  what  has  preceded  that  the  works  of  Central 
France  are  by  no  means  favourably  situated  in  respect  to  the  ores  of 
iron.  The  same  may  be  said  with  regard  to  those  of  St.  Etienne.  la 
18G7  the  furnaces  there  were  being  supplied  with  ore  from  La  Voolte 
on  the  Rhone  yielding  45  per  cent,  at  128.  9|d.,  with  Mokta  oie  jidd- 
ing  G5  per  cent,  at  28s.,  and  with  Barcelona  ore,  containing  38  per 
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HeiiU  of  iron  besides  8om<^  mangaDese,  at  256.  7d.  per  ton.  A  oerUin 
■Hti^  of  an  ore,  apparent! j  oolitic,  cM3nt&iniDg  30  per  cent  of  min, 
^^Vlifled  for  oomiDOD  pnrpoaes. 

H  In  furnaces  of  very  moderate  dimensions^  with  blast  at  280^  C. 
Bonlj  b'd(j^  F.),  they  were  making  Beseemer  iron  with  something 
ftnder  2G  cwte.  of  coke,  and  using  about  9^  cwte,  of  h"mest4ine. 
B  Pas  de  Calais, — ^Here  in  the  green-sand  formation,  as  I  was  told» 
Bud  immediately  below  the  clay,  a  bed  of  brown  hematite,  2  to  4  feet 
Hb  thickness  is  worked,  which  would  appear  to  correspond  with  the 
Bosition  of  the  mineral  worked  for  centuries  in  Sussex,  and  only  dis* 
Bontinued  when  charcoal  iron  could  no  longer  compete  with  that 
Bbtaincd  by  the  aid  of  fr>sBil  coal  The  baring  is  nearly  10  feet  in 
B|uckneE£»  and  the  ore  is  mixed  with  so  much  simd  and  clay  that  it  loses 
^P|t  its  volume  in  the  process  of  washing.    The  royalty,  lo^d.  per 

"ton,  and  the  value  of  the  land  which  is  damaged  makes  it  somewhat 
expensive.  It  has  to  be  carted  to  the  works  over  a  distance  of  a  mile 
Br  two,  so  that  laid  down  at  the  furnaces  the  cost  is  about  9s*  6d.  per 
Bftn  for  a  material  yielding  85  per  cent,  of  raetah 

It  was  being  smelted  with  expensive  coke,  made  from  coal  brought 

from  the  county  of  DuHiam,  and  therefore  costing  23s-  to  24s,  per 
Bdh,     Of  this  22  Gwts,  were  used  with  10  cwts*  of  limestone  per  ton  of 

white  iron. 

B  Ibon  Oils  in  Bsixsinc. 

B      At  one  time  the  pig  iron  made  in  Belgium  was  wholly  fmm  native 

Bres*     But  in  the  year  1882  the  total  quantity  of  pig  iron  smelted  was 

Bl7,000  tonsS  and  the  native  ores  need  amounted  to  250,000  tons, 

Bhile  the  imports  reached  1,200,717  tons:  thus  the  nativu  ore  was  only 

Btttt  one*8ixth  of  the  entire  consumption*    In  18fi7  a  dozen  varieties 

^^wiive  ores  were  being  used  in  the  Li^ge  group  of  funiaces.    At 

Biat  period  Luxemburg  ore  was  being  imported  at  a  cost  of  5s.  6d.  to 

Be.  9d.  for  carriage  alone,  the  yield  in  pig  iron  being  then  given  at  15 Ji 

nbo  35  per  cent.     In  furnaces  about  50  feet  in  height  forge  iron  was 

being  made  at  that  time  with  20^  cwts.  of  coke,  the  limesttaie  being 

14*80  cwt8.  per  ton  of  pig.     For  foundry  iron  80  cwts,  of  coke  or 

more  was  the  rate  of  consumption. 

^  Iron  &ud  StiK^l  litstitat^Q|uu||Jieportt  I8&^^|^^^^^^^^^ 
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In  1878  I  found  that  at  one  work  near  Li^ge  the  nseofnatiTe 
ores  had  been  entirely  abandoned,  being  replaced  bj  that  of  Lnxem* 
burg,  for  pig  of  ordinary  quality.  The  cost  of  transport  had  been 
reduced  to  rates  varying  from  48.  9d.  to  5s.  6|d.  per  ton.  The  price 
at  the  mines  was  only  about  2s.  6d.  per  ton.  The  yield  in  the 
furnace  was  88  to  34  per  cent.,  and  the  white  pig  iron  thus  made  was 
got  by  a  consumption  of  21  to  28  cwts.  of  coke  per  ton  of  whitifih 
mottled  metal,  the  limestone  used  weighing  7*20  cwts. 

At  that  time  (1878)  Spanish  and  African  ores  were  being  ottd 
for  Bessemer  iron,  the  inland  cost  of  transport  being  2s.  4^  by  boat 
and  8s.  6 jd.  by  rail.  The  sea  freight  was  then  14s.  8d.  from  Bilbao 
to  Antwerp.  The  reduced  rates  of  freight  will  enable  this  ore  to  be 
delivered  at  the  present  day  (1884)  much  below  the  price  just  named, 
for,  as  already  mentioned,  it  is  being  supplied  in  limited  quantities  at 
Cardiff  for  10s.  6d.  per  ton.  The  cost  price  of  coke,  taking  the  sefling 
prices  of  small  coal  to  be  7s.  IJd.,  would  be  nearly  12s.  6d.  per  ton 
unwashed. 

The  coke  consumed  at  one  work  was  given  as  follows : — 

Cwta. 
For  commonest  quality  of  forge  iron  (m/^i») 21 1    Blut  betted 

„  common  toTge 'pig  ifer  ordinaire)  22 1  in 

„  strong  forj?e  pig  (/«r/orO  23)    metal  stofM. 

„   Bessemer  iron  from  rich  ores,  furnace  60  feet  in 

height        20  Ilre-brick  ftorci 

At  another  work  23  cwts.  of  coke  were  mentioned  as  being  con- 
sumed per  ton  of  forge  iron,  chiefly  smelted  from  Luxemburg  ore.  It 
contained  12  to  14  per  cent,  of  ash.  It  was  made  from  coal  paid  for 
at  the  rate  of  8s.  8^d.  per  ton,  and  yielded  80  per  cent,  of  coke  at  a 
cost  of  lis.  6d.  per  ton. 

The  blast  was  heated  to  460°  to  500°  C.  (842°  to  982°  F.)  atone 
establishment;  and  the  coke  consumed  was  21  to  22  cwts.  per  ton  of 
white  and  27  cwts.  per  ton  of  foundry  iron.  Coking  coal  was  bongbt 
at  the  rate  of  7s.  lid.  to  88. 8jd.  per  ton. 

Ibon  Obb  in  the  United  States. 
The  production  of  pig  iron  in  recent  years  in  the  United  States 
has  been  as  follows  : — 

1879.  1880.  1881.  1881 

2,741,853   ...   3,836,191   ...   4^44,254   ...   4,623,828  grov  tons. 
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The  make  of  1882  was  5,178,122  tons  (of  2,000  lbs.)  and  was  thus 

distributed : — 

^        SUiflS. 

Net  Tom. 

BteiM. 

NeilVRtfL 

^BpenDf jl  vaum    , . , 

2,419,256 

Connec^cat 

..     M^MB 

m^       

698,900 

Cokndo... 

..    28,718 

■New  York 

416,156 

Masfiacliusctts    . 

..     10,335 

lUiDoia    . , . 

360,407 

Indiana  ... 

..     10,000 

Jtfichigan 

210,195 

Minnesota 

,.       8,126 

Kew  Jersey 

176,805 

Or^on    ,,. 

,.       6,750 

Tennessee 

137,602 

Midno      ...        . 

..      4,1(XI 

Missouri 

113,644 

Tftxaii 

..       1.321 

Alnliiuiia 

112,765 

Vermont 

.,     uio 

Virgima 

87,731 

North  Carolina  . 

..       1.150 

^    Wisconsin 

85,859 

Cftlifomift 

937 

■  Wc»t  Virginia  „. 

73,220 

Utah  Territorj' 

57 

66,522 

MwjUnd 

54,524 

5,178,122  net  tow. 

GcOTgia 42>10 

The  dinsion  according  to  th 

equal  to  ,., 
e  fuel  used  stands  t 

4,623,323  grofis  ton*. 

bus  in  net  tons : — 

K      AntliTftdto  Co&l, 

BUumlnoui  Cm 

J.                CJbATCoiL 

ToWHotToaa. 

■        2,i>i2,138 

2,438,078 

697^906 

5,178,123 

The  ore  obtained  from  the  American  miees,  so  far  as  they  are 
by  Mr.  Swank  in  the  report  of  the  American  Iron  and  Steel 
ation,  is  as  follows  in  gross  tons  : — 


laao. 


IMI. 


18T9. 
lioko  Superior,  including 

^^  Menominee  liange    ...  It414,182 

Hew  Jersey  488,028 

^Bike  Clmmplain            ..,  — 

^feimwall     Biink,     Penn- 

^kgjlT&nla — 

Imported 


The  statistics  of  the  iron  ores  of  the  United  States  are  in  a  very 
incomplete  condition,  as  may  he  infeiTcd  from  the  fact,  that  the 
•figores  given  above  embrace  all  the  information  on  the  subject  which 
of  Mr«AHlUl&s  been  able  to  collect. 


1,987.598  .. 
745,000  .. 

.    2,321,315  „ 
.       737,052  .. 
.       637,000  .. 

,      249,050  ,. 

3,944.417 
.       782,887  .. 

4,727,304 

.    2,943,314 
.       900,000 
.       675,000 

309,680 

493,408  .. 

4,827,994 
.       589,655 

5,417,649 
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The  only  other  data  I  have  been  able  to  lay  my  hands  on  is  a 
return  from  Ohio  for  the  year  1872i  and  another  from  Missonri  for 
1875,  from  a  work  by  Pechar.*  The  former  produced  886,758  tons 
and  the  latter  370,000. 

According  to  the  information  received  at  the  various  works  during 
my  two  visits  to  the  United  States,  I  have  estimated  the  ayerage  yields 
of  the  ores  aheady  enumerated  in  gross  tons,  to  be  as  follows  : — 


Lake  Superior 

New  Jersey 

Lake  Champlun 

Com  waU  Bank 

Imports         

OtToaa  tons  of  2,240  lbs. 
Weight  of  iron  in  net  tons 


1882. 
Tons  Ore. 

Per 
Cent. 

TWdofPlf. 
Tou. 

2,d43,314 

63     « 

1354,287 

900,000 

60     - 

540,000 

675,000 

63     - 

425,250 

309,680 

52-5- 

162,582 

589,655 

62     - 

306,620 

5,417,649 

3,288.789 

8,683,387 


Supposing  the  furnaces  in  the  following  States  to  have  been  chiefly 
supplied  from  the  sources  above-mentioned,  we  know  that  the  pig^ 
iron  made  in  them  was  as  below  : — 


Pennsylvania  . 

Ohio     ... 

New  York 

Illinois 

Michigan 

New  Jersey     . 

Connecticnt 

Massachusetts. 

Indiana 

Maine  ... 

Vermont 


Supposing  half  the  cinder  made  in  the  mills  and  forces  to 
be  returned  to  the  furnaces  and  each  ton  of  malleable 
iron  to  afford  2  cwts.  of  such  pig,  we  have  approxi- 
mately from  this  source'  


2,449,256 


Pig  from  ore,  net  tons 


416,156 

360,407 

210,195 

176,805 

24,342 

10,335 

10,000 

4,100 

1,210 

4^361,706 


124391 
4,237,015 


«  Ohio  Statistics,  1873,  p.  269. 

*  Pechar,  Coal  and  Iron,  p.  177. 

*  Bfalleable  iron  made  was  2,493330  tons. 
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The  malleable  iron  made  in  America  18  chiefly  produced  in  the 

atee  jast  given. 

It  fihiiuld  be  observed  that  in  the  year  we  are  considering  48,354 

tons  of  blooms  were  made  in  Catalan  fires,  also  chiefly  in  the  twelve 

lafit-mentioned  Statce,    If  we  regard  this  quantity  as  pig  iron,  which, 

Ithough  not  strictly  correct,  will  not  materially  affect  the  estimate, 

le  Lave : — 


Pig  due  to  ore  

Blooms    do.      considered  as  pig 


P)g  Iron  eqniv&leni  to  ore  worked  in  loealitiei  tpeciAed  , 
Vig  iron  doe  to  lourcet  not  ipeclfied 


Net  TiiUB. 

4,237.691 
48,354 

4,286,045 
3,683,387 

602,G5B 


considerable  portion  of  the  unspecified  sources  are  clay  iron* 
fOhio,  etc*,  we  shall  probably  be  quite  safe  in  assuming  their 
peragc  yield  not  to  exceed  50  per  cent, — if  so,  the  weights  of  ore  from 
sources  ought  to  weigh  for  the  602,658  tons  of  pig  iron 
$$,Bin  net  or  1,076,175  gross  tons. 

The  make  of  pig  iron  in  the  Southern  and  Western  States  for  the 
ro  years  in  question  was  : — 


Eqiml  to  nbout  . . 


1883L 
816,116  net  ton«, 
72S33groM 


be  ironstone  of  the  Hanging  Rock  region  being  carbcmate,  and 
[  brown  hematites  of  Tennessee,  etc.*  not  being  ricli,  we  may  roughly 
the  whole  at  53  per  cent,  of  iroUi  and  regard  the  weight  of 
be  ore  smelted  in  1882  to  produce  the  728,94S  tons  of  pig  iron  oa 
ating  to  1,375,S30  gross  tons. 
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The  total  quantities  of  ores  dealt  with  will  be  as  follows : — 


Assumed  produce  of  Southern  and  Western  States 

Imported  ore  to  be  deducted 

Ore  raised  in  United  States 

The  total  weight  of  pig  and  blooms  made  was  ... 

Pig  due  to  imported  ores 

Do.     from  mill  cinders 

Due  native  ores      ...        ...        


UB, 


Ore  worked  at  Lake  Superior,  New  Jersey,  Lake  Champlain, 

Cornwall  Bank,  and  imported         ...        6,417,649 

Assumed  produce  of  other  localities  bejond  these  just  specified        1,076J.7S 


1,375,330 


>•          ... 

7,869454 
589,665 



7,279,499 

306,620 
124,691 

4,671,677 
431^11 



4,240,366 

Viewed  in  the  manner  just  described  the  average  yield  of  the  natdre 
ores  works  out  to  58*25  per  cent,  for  1882. 

Calculated  in  the  same  way  the  British  ores  afiTord,  according  to 
the  Mine  Inspector's  returns,  the  following  results  : — 

3434,171 


Bused — ^West  Coast  hematites 
Other  native  ores 

Total  native  ores 

Imported  ores         


Total       

I^g  iron  made        

Manufactured  iron  made — 

1882. — ^2,841,534  tons  cinder  from  which  gave  of  pig  say 

1882. — Due  to  ores  native  and  imported 

Due  to  the  imported  ores  at  52  % 

Due  to  native' ores     *   ... 

Average  yield  of  British  ores       


14.897.786 

18,031,957 
3,284,946 

21,316,903 
8,58^,680 

284453 

8,302,527 
1,708471 

6,594.356 
86*0196 
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It  will  thus  be  seen  that  the  Americjan  ores  yield  above  60  per  cent. 

ore  iron  than  those  of  Great  Britain.  Notwithstanding  this  great  ad- 
atage  enjojed  by  the  former,  it  will  be  seen  when  we  come  to  examine 
t  other  conditions^  that  the  manufacturere  of  Great  Britain  are  much 

ore  favourably  placed  than  the  average  of  those  of  the  United  States. 

Within  the  memory  of  men  I  conversed  with  at  Marrjuette,  the 
be  wild  Indian  held  almost  undisputed  swuy  over  all  the  country 
Jjacent  to  this  field.  Even  now  deficendants  of  the  old  possessors  of 
I  soil  reside  in  their  wigwams  in  their  primeval  forests  on  the  edge 
'the  lake,  and  I  saw  them  engaged  in  unloading  cargoes  of  ore  at 
be  Bay  farnaccs.  Now  the  country  is  studded  with  mines,  as  may  be 
apposed  from  the  fact  that  about  8^000,000  tons  of  ore  are  obtained 
from  the  veins  which  traverse  it  in  various  directions* 

Not  only  docs  the  district  aliound  in  iron,  but  it  is  one  of  the 

chest  copper  regions  in  the  wurM.    As  an  example  may  be  mentioned 

lie  Cliff  mine.    In  1848  the  Company  bought  ,5,000  acres  of  land 

om  the  government  for  11,000  dollars,  and  in  a  very  short  time  they 

to  divide  20,000  dollars  per  month  as  profits.     The  copper  is 

tive^  and  in  1854  a  mass  80  feet  in  length  and  20  feet  in  width  was 

act  with. 

About  a  dozen  miles  from  Houghton  I  descended  one  of  the  slopes 


Blonging  to  the  owners  of  the  Heckla  and  Calumet  mines.    There  the 


^■elon 

^Hopper,  although  often  occurring  in  great  masses,  is  usually  disseminated 
^■irough  the  rock  in  small  grains,  which  amount  to  about  5  per  cent. 
^Bf  the  whole.  In  1875  these  mines  produced  13,165  tons  of  metallic 
^Bopper,  the  total  make  of  the  district  being  for  that  year  22,041  tons 
Wind  22,225  tons  for  1874,    The  original  capital  was  800,000  dollars. 

They  have  accumulations  valued  at  4,000,000  dollars,  and  have  paid 
t     in  dividends  D,'140,000  dollai-s. 

I  Upon  the  occasion  of  my  visit  in  1876, 1  examined  more  or  less 

^attentively  ten  of  the  chief  iron  mines.  It  would  occupy  too  much 
^Bpaee  were  I  to  attempt  to  describe  the  nature  of  tlie  pockets  or  veins 
^Kf  ore.  The  important  matter  for  consideration  is  the  expense  at  which 
^^e  mineral  can  be  obtained  and  its  value  in  the  market, 

Avery  important  mining  compmy  raised  110,150  tons  of  ore  in 

the  year  1873.    For  this  the  miners  and  men  working  by  the  piece 


F-tJ. 

2 

81 

2 

Of 

4 

H 
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averaged  74*5  in  number  for  the  whole  year.  The  ontpat  was  therefwe 
close  on  148  tons  per  man  engaged.  The  men  working  by  the  daj 
averaged  86*3,  making  in  all  an  average  of  160*8  Lands  employed,  lo 
that  the  actual  output  for  the  entire  8ta£P  was  68*38  tons  per  annum. 
The  daily  output  for  each  shift  worked  was  almost  exactly  2  tons.  The 
cost  for  working  each  ton  was  as  follows  : — 

BoUaxi.         Dollazm. 

Piece-work        *21  days  at  3*40     —     ^l     — 

Day  work  '24  days  at  2*27     -     '65     - 

Total  labour 

The  lands  being  the  property  of  the  Company  there  is  no  royalty 
to  pay,  so  that  if  to  the  labour  we  add  Is.  8|d.  for  stores,  etc,  we  have 
6s.  6d.  as  the  cost  put  into  wagons  on  the  railway. 

In  the  year  1877  the  output  of  this  mine  was  something  above 
one-half  of  that  raised  in  1873.  For  each  ton  of  ore  worked  there  was 
•36  ton  of  rock  brought  to  the  surface.  This  proportion  by  no  means 
always  represents  the  total  sterile  matter  which  has  to  be  dealt  with, 
a  good  deal  often  remaining  below. 

During  two  months  of  the  year  (1877)  239  men  worked  in  all 
12,166  days,  each  man  thus  averaging  61  days.  The  average  product 
per  man  per  day  had  fallen  from  2  to  1*04  tons.  The  average  earnings 
of  the  entire  staff  was  1  *80  dollars  against  1  *88  dollars  in  1873.  A  good 
deal  of  preparatory  work  was  in  hand,  although  the  actual  mining 
labour  was  something  less,  viz.,  1*16  dollars  against  1*27  dollars  in 
1878.  The  cost  of  the  ore  loaded  into  wagons  had  risen  fiilly  22  per 
cent,  in  1877. 

At  these  rates  of  labour  the  piece  men  were  earning  about  8*40 
dollars  per  day,  and  the  day  men  2*27  dollars ;  which  at  the  then  rate 
of  exchange  (3s.  Q^d.)  was  equal  to  about  12s.  lOd.  and  Ss.  7d.  pff 
diem  respectively. 

The  cost  just  given  for  raising  the  ore  was  considered  an  exception- 
ally low  one — ^the  more  common  figures  varying  from  2^  to  8  dollan, 
say  98.  4d.  to  lis.  3|d.  per  ton. 

The  cost  of  conveying  the  ore  to  Cleveland  City,  where  th^e  m 
blast  furnaces  and  which  is  the  terminus  of  railways  to  Ohio  and 
Pennsylvania,  is  very  fluctuating  in  character.    The  railway  charge  ii 
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high  to  Escanaba  on  Green  Bay,  viz,,  r3d.  per  ton  per  mile,  and 
amoiints  to  Gs.  9d,  per  ton.  Tlie  lake  freight  when  I  was  first  in  the 
3QDtry  in  1874  was  8s. ;  but  it  varies  very  much  according  to  the 
jauntity  of  grain  that  has  to  be  carried.  At  one  time  it  was  as  low  oa 
6d.,  and  at  others  as  high  as  158*  to  19s.  If  we  afistime  14s.  Od. 
a  mean  cost  for  conveyance  from  the  mines  to  Cleveland  City, 
lad  9s.  3d.  as  an  average  cost  of  the  ore  at  tlie  mines,  we  have  248. 
the  total  cost  delivered  at  a  wharf  ready  to  be  forwarded  by  rail  to 
ny  part  of  the  States.  Now  the  selling  price  for  4  or  5  years 
eTioDsiy  to  1874  had  varied  fi*om  30s,  2d.  to  J)2s.,  leaviog  a  profit  of 
ant  7s.  per  ton. 
In  187(5  the  followiog  particulars  respecting  the  cost  of  mising  ore 
rere  given  me  as  appertain iog  to  a  very  extensive  mine  : — 

For  every  100  tons  of  ore  diawn  to  bank  there  were  brought  up 
40  tons  of  rock,  and  nearly  300  tons  of  water.   The  expenses  of  working 
■were  as  follows  : — 


Lalwur  ... 
Ezplotives 

Stec4      

Pamping  aDd  drawing. 

Tools       

Horte  kiH?p 

Bailwmyi  

General  repAira,  &e.     .. 
Explomtloni     


Per  Ton, 

1. 

d. 

5 

4 

0 

6i 

0 

01 

0 

61 

0 

1 

0 

H 

0 

H 

0 

6} 

0 

61 

8 

01 

The  information  given  me  at  another  mine  shewed  almost  exactly 
1 10  cwts.  of  sterile  matter  drawn  Lo  bank  for  each  ton  of  ore.  This 
[mine,  like  many  others,  was  a  quany.  Its  depth  was  about  150  feet 
The  total  cost  of  the  ore  delivered  into  w^agons  was  89«  d^d.  in  1S76» 
[and  the  selling  price  was  15s.  Id.  It  yielded  65  per  cent*  of  pig. 
I  The  rail  dues  to  Mitrqnette  were  3b.  Id.  per  ton,  and  to  Eecanaba  4fl.  3jd 
[The  lake  freight  to  Chicago  from  Escanaba  had  been  iometimea  78.  (j^d,, 
[at  other  times  as  high  as  lis*  S^d.,  but  at  the  moment  it  waa  only 
ISs.  *Jjd.  from  Escanaba,  and  from  Marf^uette  68.  7|d. 


Welglit  of  liw  (Or^  Xo.  1). 
Week.                          Net  Tom. 

lat    .., 

2161 

107-92 

2od  ... 

zm 

100-21 

3rd  „. 

262 

106-28 

4th  ... 

261 

110-63 

5th   ... 

253 

107^39 
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I  obtained  the  particulars  of  work  done  at  one  of  the  blast  fonuioa 
near  the  mines.  It  had  a  height  of  41^  feet  with  a  bosh  of  ^tvd'm 
diameter,  blown  with  air  varying  from  720*^  to  B2QP  F- 

Yteld 
of  Ore. 

07-56 
6700 
66  M 
66-28 
69*12 

Taking  the  bnshel  of  charcoal  at  20  lbs.,  and  the  oonsompdon  at 
no  hushds,  we  have  2,200  lbs.  of  fiiel  for  2,000  lbs,  of  iron,  orfH 
cwLs.  per  too.  They  w^ere  not  at  this  furnace  exceeding  1  cwtp  of 
limestone  per  ton  of  pig. 

According  to  the  figures  already  given,  about  40  per  cent,  of  aOthe 
iron  made  in  the  United  States  is  the  product  of  the  mines  in  tke 
distiict  we  are  considering.  The  weight  of  the  iron  according  to 
the  moderate  estimate  employed — 6:5  per  cent. — ^was  1,854,287  groa 
tons.  In  Michigan  itself  only  187,665  gross  tons  (210,195  net  Urn) 
were  smelted  in  1877,  which  means  that  about  2,600,000  tons  of  on 
were  sent  to  other  seaU  of  the  iron  trade  (^vide  jk  622).  The  finmm 
in  the  Mahoning  and  Chenango  Valleys,  at  Pittsbiii'g,  the  Letugh 
Valley  and  Cleveland  City  are  in  fact  largely  dependent  on  the  ores  of 
Ijake  Superior, 

Lake  Chmnplain, — A  continuation  of  the  Adirondack  range  of 
mountains  skirts  the  western  shore  of  Lake  Champlain,  and  near  tbe 
summit  of  one  of  thcse»  six  miles  from  the  Jake  and  1,200  or  1,800  fc€t 
above  the  level  of  its  waters,  lies  the  most  famous  deposit  of  the  ore  of 
this  district.  Embedded  in  the  mineral  for  which  Luke  Champlain  ifl 
recent  years  has  become  so  liimous,  are  lajei's  of  apatite,  or  nattiml 
phosphate  of  lime.  It  constituted,  1  was  iuformed,  2  \^t  cent,  of  tht 
vein,  and  for  some  time  a  company  extracted  the  apatite  for  agricol* 
tural  purposes,  handing  over  the  iron  ore  it  was  necessary  to  movKS  to 
the  owners  of  the  property.  Although  the  existence  of  the  vein  btt 
been  known  for  about  GO  years,  it  is  only  about  20  years  since  its  rtisd 
was  rendered  available  to  any  ejctent.  At  the  period  of  my  visit  it 
1874  to  this  extmordinary  deposit,  the  output  was  about  400,000  toni 
per  annum.    In  1882,  according  to  the  report  of  Mr.  Jas.  M.  Sn^ 
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tie  production  of  the  entire  Lake  Champlain  district  \rm  C7»'j,000 

Doa.    At  one  point  in  the  tern  above  referred  to,  the  ore  reaches  the 

or  IB  covered  with  a  little  soil :  afterwards  rock  overlies  the  vein, 

tie  thickness  of  the  latter  was  gi^en  rae  as  varying  between  150  to 

JOO  feet.     In  working  tho  ore  a  depth  of  125  feet  bad  been  pcne- 

BLted»  forming  a  large  chasm  open  to  the  day,  but  beneath  the  floor 

bf  the  mine  they  had  bored  80  feet  at  one  place,  125  feet  at  another, 

id  147  feet  at  a  third,  l>efore  reaching  the  l>ottom  of  the  vein.    At 

it  time  the  ore  was  being  extracted  under  the  covering  of  rock,  the 

of  being  snpported  by  means  of  five  huge  columns  of  ore  said  to 

ontain  70,000  to  80,000  tooa  of  this  viiluable  mineral.     The  miners 

been  earning  2'CO  dollars  per  day,  bnt  this  had  been  reduced  to 

'76  per  day  in  paper  currency  or  68,  7d,  for  ten  hours  actual  work. 

ticre  is  very  little  abovegronnd  labour,  beyond  that  for  removing  the 

overing  of  ix>ck  ;  but  this  occupies  as  many  men  or  thereubouts  as  are 

igaged  in  the  mine.     I  understood  for  every  man  working  at  the 

Dttom  of  the  mine  2  tons  of  ore  per  day  wem  delivered  at  the  surface. 

|tf  so  it  is  not  likely,  everything  included,  that  the  coat  couJd  exceed 

,  or  7s.  per  ton  for  labour. 

The  selling  prices  in   1874   were  quoted  as  follows,   in  paper 

rency : — 


FamaCQ  ore        ...         ... 

Screened  ore,  smiill,  for  Cat&Jati  fires  . 

General  run  as  worlced 

Ore  fur  puddling  fumacet — lumps 


P^TOIL 

MIu 

1. 

a. 

<L 

H 

- 

20 

8i 

6 

= 

22 

n 

6i 

- 

24 

6 

71 

- 

28 

3i 

These  figures  included  delivery  on  board  craft  on  Lake  Champlain, 
ivolving  carriage  on  six  miles  of  railway. 

It  was  reported  that  the  present  owners  paid  only  a  few  thousand 
]ollars  for  about  half  the  ground  occupied  by  the  vein.  This  and  the 
Bgures  jast  given  justify  what  has  already  been  said  that  the  margin 
m  selling  such  ore  even  in  bad  times  of  the  iron  trade  such  as  1874 
laffices  for  a  high  royalty  rent  and  handsome  profit  to  those  wh7  work 
Ithe  ore* 

Some  portions  of  the  produce  of  this  mine  contain  a  considerable 
portion  of  phosphoric  acid  j  whereas  others  are  sufficiently  free  from 
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this  ingredient  to  enable  it  to  be  used  for  Bessemer  steel.     The  on  ii 
chiefly  magnetic.    The  following  analyses  by  Prof.  Chandler  show  its 

constituents : — 


Magnetic  oxide  of  iron 

95-99  - 

Fe  6951 

Peroxide  of  iron 
Protoxide  of  iron 

69-841 
26-69)  * 

F6  62« 

Alumina         

200 

Alumina  ... 

1-87 

Lime 

•52 

Lime        

6-02 

Magnesia        

•60 

Magnesia 

— 

Oxide  of  manganese  ... 

•10 

Oxide  of  manganese 

•56 

Silica 

•64 

Silica        

3-46 

Snlphnr          

•10 

Sulphur 

•20 

Phosphoric  acid 

•10  - 

P. 

•04 

Phosphoric  acid  ... 

1-94     - 

P. -76 

100-05  100*56 


The  freight  to  Philadelphia  by  water  was  13s.  ll:Jd.  (3'76  dolkn). 

The  anthracite  used  in  the  furnaces  is  brought  from  a  distance  of 

400  miles.    It  was  usually  received  at  New  York,  and  cost  as  follows  :— 

Price  at  New  York     ... 
Carriage  from  New  York 

Making  the  cost  delivered 


DoUms. 
^•70 

Perltan. 
a.     d.            •. 
-     17     8J 

d. 

L-37  to  2 

-       6     24  to    7 

6 

. 

...     22  11     to  26 

J* 

I^Yom  another  quarter  23s.  9d.  was  given  as  the  cost  for  smelting 
coal  delivered  at  the  lake  side,  or  268.  4  jd.  at  the  furnaces. 

In  1872  and  1873  foundry  iron — ^not  fit  for  Bessemer  steel— had 
been  sold  in  this  district  for  £9  Ss.  6d.  (50  dollars)  per  ton,  and  for 
some  small  lots  as  much  as  70  dollars  had  been  paid.  These  flactna- 
tions  in  the  iron  trade  were  accompanied  by  reductions  in  wages. 
This  led  to  resistance  on  the  part  of  the  men,  who  immediately  before 
my  visit  had  wrecked  a  house,  and  conducted  themselves  with  aoch 
violence,  that  bills  were  displayed  on  the  walls  offering  1,000  doUart 
for  the  discovery  of  the  offenders. 

From  data  received  the  yield  in  the  furnace  appears  to  vary  from 
60*6  to  G6  per  cent.  Six  to  seven  cwts.  of  limestone  are  consumed 
per  ton  of  metal.  In  1860  the  coal  required — anthracite — was  80  cwts. 
but  this  has  now  been  reduced  to  about  24  cwts.  per  ton  of  grej 
foundry  iron. 

Neiv  Jersey. — The  iron  mines  of  the  state  of  New  Jersey  enjoy 
great  advantages  in  point  of  geographical  position  as  compared  with 
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those  of  Lake  Snperior.  Instead  of  being  400  to  500  miles,  as  Mar- 
qaette  is,  from  the  nearest  coal-field^  the  produce  of  the  New  Jersey 
ore  deposits  are  but  80  miles  from  the  great  Pennsjlvanian  anthracite 
coal  basins. 

The  ore  is  of  the  hematite  class,  yielding  from  55  to  66  per  cent,  of 
pig  iron.  So  far  as  quantity  and  facility  of  extraction  are  concerned, 
the  mines  are  greatly  inferior  to  those  in  the  states  of  Michigan  and 
Wisconsin.  In  1870  the  output  of  New  Jersey  was  362,636  tons. 
In  1874,  when  I  visited  this  mining  field,  the  produce  was  about 
500,000  tons,  a  quantity  which  afterwards  was  increased  to  900,000 
tons  in  1882.  The  cost  of  bringing  the  coal  and  ore  to  a  point 
midway  between  the  two,  such  as  to  the  furnaces  in  the  Lehigh 
Valley,  is  about  8s.  4d.  per  ton.  If  3^  tons  have  to  be  moved, 
lis.  8d.,  or  inclusive  of  limestone  say  12s.  6d.,  will  represent  the  cost 
of  transport  charges  on  each  ton  of  pig  iron. 

I  visited  two  of  the  chief  mines  of  the  district.  The  vein  at  one 
varied  from  12  to  40  feet  in  thickness,  but  there  was  a  good  deal 
of  sterile  matter  interspersed  with  the  ore.  The  staff  of  men  engaged 
consisted  of  the  following : — 

Miners      82 

Laboaren  andergroand 16 

Men  at  Surface 15 

Sandry        „       8 

121 

When  working  full  time  60  to  70  tons  per  day  were  considered  good 
work;  which  is  equivalent  to  11  cwts.  per  man  per  day  all  told,  or  say 
165  tons  per  annum  for  800  days,  making  a  total  output  of  21,000 
tons.  Good  miners  were  earning  1^  to  2  dollars  per  shift,  the  pay 
being  at  the  rate  of  about  2  dollars  per  ton.  The  total  cost,  in 
1874,  was  stated  to  be  : — 


Bollara 

Paper  Currency.       b.     d. 

Cost  of  working 

Royalty 

Haulage  to  railway 
Dues  to  furnaces 

5-0       -     18  lOi 

-75     -       2     9f 

-30     -       1     14 

110     «       4    2J 

715            27    Oat  furnaces. 

The  yield  of  the  ore  is  66  per  cent,  of  pig  irou. 


672   SECTION  XVm.— CHIEF  IRON-PEODUOINO  OOUNTRIBS  C 

The  other  mine  visited  was  producing  48,000  tons  per 
cost  as  follows : — 

XMUm, 
Paper.  i 

Cost  delivered  at  the  mine       ...  8'75     -«     1 

Royalty -46  to -76  »y    "GO    - 

Carriage  to  furnaces      1-30     — 

5-65  d 


The  yield  was  given  me  as  being  only  55  per  cent. 
Below  are  snndrj  assays  taken  irom  the  '' Geological 
New  Jersey  for  1879  : — 

MetaUic  iron...  53*75  57*68  63'3d9  56-13  56*97  45*22  631 
Sulphnr  ...  8*33  2*66  -068  7*59  *088  -028  trmc 
Phosphorus    ...  -036    '026    -010        -29        '367      -09        -C 

From  these  figures  it  is  apparent  that  the  mines  va 
per  centage  of  iron,  as  well  as  in  respect  to  sulphur  and  ] 
the  former  occasionally  being  very  high. 

Pennsylvania, — Cornwall  Ore  Bank  presents  an  ex 
deposit  of  ore.  The  mineral  constitutes  a  somewhat 
shaped  mass  about  three-quarters  of  a  mile  in  length,  wi 
width  of  about  500  feet.  This  ridge  of  ore  is  intersed)ed  b; 
valleys  dividing  it  into  eminences  known  as  the  Big,  Middle 
hills.  Bore-holes  had  been  put  down  in  one  of  these  valle; 
gone  through  the  ore  at  depths  varying  from  50  to  184  an 
A  spiral  railway  runs  up  Big  Hill,  and  the  ore  is  excavat 
work  and  thrown  direct  into  the  wagons.  At  the  base  of  i 
ore  forms  a  cliff  850  feet  in  height.  It  is  so  soil  that  on 
blast  and  load  into  trucks  10  tons  of  ore  for  his  day's 
cost,  in  1874,  of  less  than  6d.  per  ton,  the  entire  cost  of 
being  about  Is.  per  ton.  The  ore  is  very  sulphureons,  ai 
from  50  to  55  per  cent. — sometimes  indeed  under  50  pe 
iron.  The  market  price  in  1874  was  stated  to  be  4}  do 
or  17s.  lOd.  per  ton.  It  is  the  property  of  one  family  w] 
At  the  year  of  my  first  visit  the  yearly  output  was  220,00C 
1881,  according  to  Mr.  Swank,  this  wa»  increased  to  241 
and  to  809,680  tons  in  1882. 

The  undertaking  is  connected  with  the  public  railway  b; 
line  7  miles  long.    There  were  in  1874  eleven  furnaces. 
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^applied  with  coal  from  the  Schuylkill  region,  distant  about  87  miles, 
for  1*80  dollara  pivpcr  or  Gs.  y|d.  freight,  equal  to  *80d.per  ton  per  mile. 
The  coal  costs  at  the  pit  2*63  dollars,  making  14s.  5d.  delivered  at 
Labanon  where  the  fumaces  chiefly  are,  and  perhaps  Ifis,  at  Cornwall 
iBank.  In  a  furnace  55  feet  high  they  were  mnuing  150  tons  per 
t,  nsing  $7i  cwta,  of  anthracite  and  12|  cwts,  of  limestone  per 
on  of  iron.  The  keepers  were  only  paid  1-65  dollars  per  shifty  and 
gistant  keepers  and  slag  men  1*35  dollars. 
Black  Band  of  Tiiscaraims  Valky^  Ohio, — This  is  the  only  locality 
which  I  heard  of  this  kind  of  ironstone  being  smelted.  I  had  prc- 
ously  viaited  an  ojx'ning  into  what  was  called  Black  Band  on  Davis 
ek  in  Kentucky,  a  few  miles  to  the  south  of  Charleston  on  the  Ohio, 
be  distance  from  the  Tuscarawas  district  is  about  200  miles*  and 
Irhat  I  saw  was  the  reverse  of  promising.  On  my  return  to  America 
.visited  Tuscarawas  to  see  the  Black  Band,  about  which  1  hud  heard 
moh  in  its  favour,  far  more  indeed  than  it  deserved. 

Instead  of  being  situate  in  what  may  be  termed  the  sub-carbon* 
i  strata,  like  tliat  in  Scotland,  the  Black  Band  of  this  Ohio  field 
above  the  coal,  and  so  high  up  that  it  forms  in  some  places  the 
tops  of  the  hills  and  in  others  has  no  great  thickness  of  rock  above  it. 
Under  these  circumstances  it  rarely  happens  that  any  particular 
working  extends  to  alxjve  20  or  30  acres,  and  they  are  frequently  less 
than  this — ^sometimes  only  a  fraction  of  an  acre.  It  lies  thick  in  the 
jund,  in  one  drift  I  entered  it  was  8  feet,  but  the  stone  Is  poor 
oking  and  when  calcined  only  yields  50  per  cent,  of  pig,  and  some- 
times not  so  mach.  There  is  a  pretty  extensive  coal-field  in  the 
neighbourhood^  which  is  cheaply  worked,  Ss.  9d.  per  ton,  including  Is. 
^r  royalty,  being  given  me  as  the  cost  of  extraction.  I  meaaurcd 
lie  ooal  at  4  feet  8  inches*  It  was  being  worked  by  level  and  had 
recently  opened,  which  may  account  for  the  low  cost.  The  coal 
the  ironworks  however  is  unfit  for  furnace  purposes,  so  that  the 
kpplies  are  brought  from  the  neighbourhood  of  Masaillon,  a  distance 
f  18  or  20  miles,  and  cost  about  7s.  per  ton  at  the  ironworks. 
A  very  unfortunate  adventure  was  made  at  Port  Washington  on 
this  field  of  ore.  Two  excellent  furnaces  were  built  70  feet  high.  The 
coal  turned  out  so  bad  that  they  brought  coke  from  Connellsville,  a  dis- 
tance of  150  miles.    The  black  band  seams  were  speedily  exhausted 
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and  80  poor  Qiat  mixed  with  one«6ixtb  of  t^iridi  cfeof  Lai 
the  yield  was  only  50  per  cent,  of  metal.  The  limestone 
enormous  in  point  of  quantity — ^ric.  20  to  30  cwts.  per  U 
The  make  was  about  250  tons  per  week  of  No.  1  pig. 

The  cost  of  pig  iron  at  another  work  in  1^  i^ighboc 
918.  8d.y  of  which  308.  7d.  was  for  ircMOstoiie  iJohe.  Wagef 
in  spite  of  which  the  sum  for  "  labour,  &c.,"  was  set  down  a 
per  ton. 

My  friend  Prof.  J.  S.  NewbOTy,  in  a  report  contaii 
Statistics  of  Ohio  (year  1873,  p.  283)  gives  a  complete 
some  specimens  of  this  black  band.    From  these  the  follow 
are  selected : — 


No.l. 

No.  8. 

Ka& 

No.  4. 

Na& 

Metallic  iron     ... 

3246 

24*25 

48-95 

3474 

22^ 

Phosphoric  acid... 

•41 

•31 

1-08 

•51 

•63 

Sulphur 

•16 

•28 

•14 

•35 

•21 

Hanging  Rock  Region  of  Ohio  and  Kentucky, — This  di 
be  regarded  as  a  counterpart  of  that  of  South  Staffbrdshi 
land.  The  ironstone  lies  in  three  layers,  or  in  nodnles  en 
fire-clay  or  shale.    It  consists  of  several  varieties  as  follows 

Block  or  Limestone  Ore, — Worked  partly  opencast  anc 
mines.  In  the  former,  if  there  is  much  baring,  a  man  w: 
half  a  ton  of  ironstone  per  day.  In  underground  work  he  i» 
15  cwts.  The  earnings  of  the  miners  in  1874  were  2  do 
(7s.  e^d ),  but  in  1873  they  were  getting  3  dollars  (lis.  a 
most  industrious  class  is  to  be  found  among  the  Germans  ai 
As  a  rule  the  miners  do  not  save,  the  exceptions  being  th 
nationalities  just  named.  Twelve  to  fourteen  inches  are 
a  fair  thickness  for  the  layers  which  constitute  this  d€ 
occasionally  they  have  been  found  3  to  4  feet  thick. 

Block  Ore  somewhat  resembles  the  last,  but  lying  embed 
shale  above  it  are  nodules. 

Kidney  Ores, — ^This  is  a  local  name  for  the  nodular  i 
found  embedded  in  shale.  The  bed  in  which  they  occui 
thickness  from  3  to  6  feet.  This  variety  constitutes  onc^i 
thirds  of  the  ore  smelted  in  this  district 
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Brmm  HmnaUk  or  Ltmonite, — A  certain  qaantitjr  of  ore  8o  desig- 
is  used,  but  it  is  tnerelj  one  or  other  of  the  three  kinds  of  day 
lie  ** weathered'*  at  the  outcrop  of  the  seams,  the  carbonate  of 
being  conveited  by  atmoepburic  influence  into  hjdmtcd  peroxide. 
The  following  figures  are  taken  from  the  ^Mjcological  Survey  of 
tucky/*  VoL  1,  New  Series: — 


tFitatUred  lAm^aionv  Orf, — 


f  or  Carbonate  of  Iron, 

Metallic  iron     .,.         32'57  35*5 i  ■10-46 

F*  SttlpbOT,..         ...            —  '53  1-85 

FbcwpliOTiis       ...            -13  '11  -31 

IAmeMtofi€  Orfs  at  Mrown  Hematite — 


Metallic  iron      .„  4999 

Salpfaur — 

Plronphortjs       ...  *27 

Lower  Slo<ik  Oret  unaltered — 

MeUlUc  ii-ou      ,  33  3  i 

SulpUur -OS 

PLcMphoros      ^,,  .  *29 


47-50        3902 


•06 


•16 


31'54» 

•21 

51'07 
-07 
•21 


24-59 
*10 
•16 

34*73 
•23 


7Wer  Block  Ore  as  Brown  Hematite- 


38*17 
•13 
42 


35  00 
•14 
•33 


Metallic  iron 
Sulphur  ,.. 
PhospUoftw 

'ppfT  Blxiek  unatt^red— 
Metftllio  troll     ...      3814 
HiUplinr    , 
FhosnUoni*  ^:-: 

Upprr  Block  at  Brown  Hematit\ 
Metallic  \nyn     ...         39'96 
SnlpUur ..,         ...  *15 

Pbofipbnnis!^        ...  "If? 

Kidntttf  Ore*  unaltered — 

Mrtidlic  iroD     ...         42-94     , 

Siilpliui* •01, 

Phtwspboni**         .,  '31     . 


29-68 
•06 
-05 

281^ 
•06 
•25 

3G10 


29-81 
•07 
•01 


4595 
'23 

•39 


•20 

46  86 
'27 
-05 


261*7 
•10 
D8 

44-73 
•06 

•14 

32*4*1 
•35 

•30 


41-96 
•33 
•36 


44-89 
•10 
•26 


43-47 

'03 
22 


41-27 

•08 
•16 


45-20 
07 
•07 

37-83  ., 
•03  .. 
•03     .. 


36-62 
•19 
•18 

6014 
■OS 

29  85 
•10 
-19 

25  38 
•04 

•16 

30^97 
48 

*18 

23-59 
•07 
•22 

4634 

•07 
■05 


The  ironstone  from  any  of  the*e  beils  is  evidently  cxiiemive  from 
-the  quaiirity  of  sterile  matter  to  be  hantlkd,  and  l»eiug  situate  from  J^ 
to  13  miles  from  tlie  wctrks  cost,  in  1874,  from  3  to  4  dollars  paper — 
11«.  ."Jjd.  to  15b*  Id.— per  t*>n  laid  down  at  the  furoacc^. 
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At  one  establishment  I  visited  they  were  smelting  a  m 
sisting  of  f  calcined  native  stone^  f  Missonri  ore  costin 
delivered,  and  ^  mill  cinder.  The  cost  of  the  ore  per  ton  c 
using  this  mixture^  was  abont  the  same  as  if  all  native  iro 
been  used.  The  furnaces  are  60  to  65  feet  in  height,  mals 
280  tons  per  week. 

The  coal,  which  has  to  be  brought  from  distances  of  5  or 
used  raw^  and  cost  laid  down  at  the  furnaces  about  8s.  6d. 
as  2  to  2^  tons  of  coal  are  used  per  ton  of  pig  iron,  and  1 
limestone. 

The  iron  made  of  this  ironstone  is  much  esteemed,  but 
the  Hanging  Bock  region  can  never,  with  such  dear  irons 
cheap  iron-making  district. 

Wages  paid  at  the  furnaces  are  not  high — ^keepers  wl 
there  getting  7s.  6^.,  helpers  6s.  Id.  to  6s.  9d.,  fillers  6s.  7< 

Missouri, — The  so-called  Iron  Mountain  secures  for  tin 
Missouri  a  high  position  in  an  iron-producing  point  of  vi 
produce  of  the  deposit,  distinguished  by  this  somewhat  high 
name,  is  a  rich  and  therefore  tolerably  pure  peroxide,  slightly 
and  has,  like  some  of  the  purer  ores  of  the  north,  an  exte 
as  a  fettling  for  the  puddling  furnaces.  In  the  matter  of 
however  Missouri  occupies  a  very  inferior  position  to  most  of 
American  iron-mining  centres.  I  am  without  any  recent 
the  exact  production ;  but  from  such  as  I  do  possess  it  seem 
whether  it  has  ever  reached  half  a  million  of  tons  per  anni 
surface  of  the  ground  consists  of  gravel  of  decomposed  por] 
clay,  intermixed  with  a  considerable  proportion  of  rounded 
the  ore  itself.  This  is  washed  to  separate  the  impurities, 
mineral  is  ready  for  the  market.  The  cost  of  separating  the 
the  foreign  matter  is  about  2s.  per  ton. 

The  main  sources  of  supply  however  are  derived  fr 
which  run  through  the  rock,  chiefly  porphyry.  The  upper  ] 
the  latter,  varying  from  20  to  50  feet  in  depth,  is  decompos 
a  buff  colour.  It  is  so  soft  that  by  directing  a  stream  of  watc 
a  pressure  of  70  or  80  lbs.  on  the  square  inch,  against  the 
porphyry  is  removed,  leaving  veins  varying  from  1  inch  to  8 
in  ihickness.    In  other  places  however  the  iron  ore  forms  vei 
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ful  Terns.  At  one  place  it  had  a  thickness  of  80  to  CO  feet»  the  total 
depth  ascertained  by  boring  being  about  200  feet.  The  ore  where 
saw  it  was  hard  and  solid,  without  any  admixture  of  rock,  with  a 
50  feet  wide  and  70  feet  high.  In  other  places,  where  rock  was 
embedded  in  the  ore,  the  lines  of  separation  were  quite  distinct^  so 
that  there  was  no  difficulty  in  separating  the  two* 

The  ore  being  hard  and  there  being  a  good  deal  of  sterile  matter 
deal  withy  the  output  I  understood  did  not  eiceed,  reckoned  on 
e  entire  staff,  one  ton  j>er  man  per  day*  If  290  days  are  regarded 
the  year's  work,  that  number  represents  the  tons  worked  annuaUy  by 
h  man.  The  mineral  however  being  very  rich — G6  to  67  per 
csent. — the  labour  for  working  the  necessary  quantity  to  furnish  a  ton 
if  pig  iron  is  correspondingly  diminished.  I  was  informed  tliat  the 
jnings  of  the  miners  yaried  from  4s.  Gd.  to  53,  4d.  per  day.  This 
was  in  1874  when  the  paper  dollar  was  current.  It  did  not  seem 
to  me,  everything  included^  that  this  vei7  valuable  ore  cost  above 
5s,  9d.  put  into  wagon.  Labour  here  did  not  generally  appear  high. 
Thus  at  the  chai'coal  furnaces  the  following  rates  per  day  were  given 
me  in  1874 1— 


^^Trh< 


Keepen. 

Fmera.           Cftfpenten.                 MAaona.                      Smith*.           SmlUu"  Striken, 

«.    (L 

«,d.i.d.        •,     d.      a»d.        ft.d,t.     iL        ■.     d-        i.d. 

6    41 

5    Si    7    e^toS    6|    7    6|to8    51    7    6ito8    6|      5    8^ 

lere  is  indeed  no  reason  why  wages  should  be  dear,  for  provisions 
jfere  very  moderate  in  price.    The  quotiitions  given  were  i^- 


ButoiunrBfcAl 

Butter. 

BostBMoa. 

Beit  Flour. 

Perib. 

FCT  lb. 

Per  lb. 

Per  barrel. 

S^d.  to  4^ 

UicL 

...       7Jd.         . 

30&2d. 

Single  men  pay  13s.  per  week  for  board  and  lodging.    The  men 

!  allowed  house-rent  free,  and  liberty  to  cut  what  wood  they  require 

firing.     Cash  payments  were  then  made  only  once  in  three  months, 

lers  on  '*  the  shop"  being  given  in  the  mean  time.    This  was  there* 

tire  a  very  objectionable  case  of  the  truck  system :  at  the  same  time 

lie  above  figm-es  do  not  look  as  if  the  prices  charged  were  othexwise 

ban  reasonable. 
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The  followmg  analyses,  taken    from   the   Geological  Sonrcj  of 
Missouri,  show  the  compc*sitiou  of  tlie  ore  of  the  Iron  Mamitam:— 


Insolublo,  cbidly  silica 
Peroxide  of  iron 
Protoxide  of  iron 
Ahiminfa 

Lime 

Magnesia 
Fliospboric  acid 
Sulplnir 


M<?tallic  iroti 
Plios]>l]ioru8    . 


V«lnOro. 

Sinfa«eOt« 

4  71 

1-88 

91-45 

95^ 

2  34 

25r 

•^ 

^5 

•45 

U 

•19 

12 

'252 

im 

DiJS 

100-322 

100  sac 

65-7a 

68-&3 

nio     ... 

t®l 

This  mine  is  80  miles  from  St.  Louis.  The  transport  ig  effected  % 
a  railway  at  a  cost  of  ^  J  dollars  per  tou,  equal  tliei-efore  to  about  )^  pir 
ton  per  mile.  Tbe  cost  of  the  ore  put  into  wagons  was  given  me  by  i 
furn£u;e  owner  in  the  Caroudalct,  near  St.  Loai»»  as  not  exoeediog 
5s.  i>d.,  or  say  with  carriage  to  8t.  Lours  13s.  Gd.  per  ton.  The  selling 
price  at  the  time  Xras  about  2Cs.  6d.,  leaving  138.  per  t-on  profit  alt 
period  when  the  iron  masters  could  barely  obtain  the  cx>st  price  of  ^ 
pig  iron  made  from  this  ore.  As  much  as  10  dollars  }>er  ton  had  boea 
charged  for  it  when  iron  waa  selling  at  a  higher  price. 

Altnough  tbe  coal-Selds  of  Kentucky  and  otber  Southern  Staleii 
and  those  of  Illinois  and  Indiana,  are  nearer  to  St.  Louis  than  Pitts- 
burg, it  would  appear  that  the  Connellsville  coke  was  preferred  hm 
although  the  distance  is  about  fiOU  miles.  The  cost  delivered  at  tke 
furnaces  waa  close  on  SOs.  per  ton. 

Pilot  Knob  was  the  other  mine  I  examined  in  Missouri.  The  on 
seems  to  be  a  regular  scam  lying  in  porfihyry,  with  a  pretty  re; 
thickness  of  80  feet.  In  some  places  it  is  extremely  hard  and  di 
to  work.  The  seam  is  Tery  variable  in  the  iron  it  contaiiis^ 
intcrstmtified  with  porphyry.  The  best  quality  I  understood  to  gift 
57  per  cent,  ol  p\^  Itou^  although  according  to  the  "Geological  Sorrcf 
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Mia&onri "  it  yields  in  the  furnace  60  per  cent,  bat  &  large  portion 
'  the  seam  is  much  poorer*    The  vein  is  divided  by  a  "  slate-seam," 
ud  according  to  the  authority  just  quoted  the  u-on  contained  in  the 
is  as  follows : — 


Or«i  fn  tb«  OtQ-l>ed  below  the  Slate  Seam. 
L  1  S.  C  & 

Iron 61-03    5S-29    59*15    64-91     47'16 

Phos}>botTis  .,.  '01 S       *031       •041 


Orea  ftboTe  tbe  Slmte  SeuD. 
6.  f.  a 

53-91    4i01    d&52 

•044 


The  cost  of  raising  the  best  ore  was  mentioned  as  being  9b.  6d,  per 
Dn.     Some  of  it  was  being  smelted  on  the  spot  by  means  of  charcoal 
rhich  cost  458.  per  ton,  bringing  up  the  cost  of  the  pig  to  somethini; 
ke  958.  per  ton. 

Southern  States — Aiabafna,  Oeorg^m^  Tmmssee^  Jiarlh  CaraUna^ 

nd  FtVv/mwr.— These  five  States  are  grouped  together,  because  the 

wo  beds  which  constitute  the  chief  sources  of  ore  supply  are  common 

tliera  all    These  are  limonite  or  brown  hematite,  and  a  red  hema- 

hte  known  as  the  FoHsiliferous  or  Dyestoue  Belt.    Besides  these  there 

I  clay  iroustoues  and  black  baud,  but  hitherto  they  have  been  of  no 

count,    lu  the  Smuky  Mouutiiins  of  North  Carolina  1  visited  a  small 

rin  of  magnetic  oxide,  a  variety  of  ore  which  is  pretty  extensively 

forked  at   the  CnintH?rry  mine  and  probably  elsewhere.     That  of 

pranbcny  h  much  esteemed,  owing  I  believe  to  its  very  email  conteut 

'  phosphorus. 

With  the  exception  of  the  Hanging  Eock  region  and  the  unim- 
ortant  dJBtrict  of  the  Tuscaiiiwas  Valley  black  band  in  Ohio,  the 
stance  bctweezi  the  ore  and  fossil  coal,  as  described  iu  these  pages, 
looking  at  the  main  pjortion  of  the  requirements,  been  consider- 
ble*  Bub  in  a  work  on  the  **  Resources  of  Tennessee"  it  is  stated 
bat  "  the  Dyestone  Belt  lies  at  the  very  base  of  the  coal  measnres, 
lerct  then,  we  have  sandwiched,  coal,  iron  ore,  limestone  and  sand- 
me,  the  latter  suitable  for  hearths*"  A  letter  from  my  friend  General 
T.  Wilder,  inserted  in  the  hook  just  quoted,  mentions  the  fact  that 
a  distance  of  1 60  miles  the  coal-beds  are  never  more  than  half  a 
from  the  iron  ore* 
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This  ifl  confirmed  by  what  I  saw  in  Alabama.  On  one  side  of 
Jones'  Valley  a  bed  of  fossilif erous  ore,  SO  feet  thick,  crops  oat.  Of 
this  8  feet  only  were  being  worked,  and  of  this  portion  the  foUowing 
are  analyses  from  two  different  localities : — 

Silica  

Peroxide  of  iron       

liime  •••        •••        •• 

Magnesia       

Alnmina        ...        

Phosphoric  acid        


•  •• 

77-82 

78^ 

... 

210 

1-87 

... 

-43 

•76 

•  •• 

1-75 

1*69 

... 

•51 

-49 

99-20 

lOOrGO 

... 

54-40 

54-90 

... 

•51 

•49 

Metallio  iron  

Phosphorus  

The  valley  itself  was  limestone,  and  the  opposite  hills  ooDsisted 
of  the  coal  measures. 

I  was  shown  the  books  of  the  Bed  Mountain  Iron  Company,  and 
from  them  it  appeared  that  2*06  tons  of  this  ore  sufficed  to  make  one 
ton  of  pig,  equal  therefore  to  a  yield  of  50  per  cent. 

The  bed  of  ore,  where  it  was  being  worked,  had  a  coyering  of  2  to  4 
feet  of  soU.    The  cost  of  tearing  up  the  mineral  was  under  2s.  per  ton. 

Labour,  as  is  generally  the  case  in  the  Southern  States,  is  mndi 
cheaper  than  in  Peunsylvania,  as  may  be  seen  from  the  following 
rates: — 

Keepers.    Anistant Keepen,     FUlera.  Ohaigen.        OokeFIIkn. 

B.d.  ■.d.  ■.d.  A.d.  B.d. 

Per  day      ...    6    0^     ...    5    Si     ...     4    5f     ...    4    5i     ...    3    9^ 

From  some  cause  or  another  however  the  wages  on  a  ton  of  pig 
iron  at  the  Red  Mountain  fomace  amounted  to  Ids.  8d.  This  most 
have  been  the  result  of  faulty  arrangements,  which  probably  accounted 
for  the  concern  being  then  in  difficulties. 

The  brown  hematite  forms  masses  very  irregular  in  point  of  outline 
and  of  dimensions.  They  constitute  a  superficial  deposit  and  are 
worked  quarry  fashion.  I  visited  several  localities  n^here  the  ore 
evidently  exists  in  large  quantities,  and  I  inspected  one  quany  ont  of 
which  the  contractor  excavated  the  mineral  and  having  delivered  it 
at  the  furnace  received  88.  6d.  per  ton  of  iron  made.  The  yield  of 
pig  iron  was  given  me  as  being  56  per  cent. 
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The  furnace  using  it,  blown  with  air  at  500*^  P,,  was  making  iron 
with  105  bushds  of  charcoal,  weighing  it  was  said  1,890  lbs.  The 
UmestoBC  required  was  8  cwte*  per  ton  of  pig. 

In  jmitificatioa  of  the  favourable  views  just  expressed  in  reference 
to  the  iron-making  facilities  uf  the  district  thus  brie%  described,  I 
would  again  quote  the  cxperieuee  of  a  Southern  States  firm  (v.  p.  585) 
who  mention  their  ability  to  make  iron  at  about  428,  per  ton.  This 
undoubtedly  is  a  higher  cost  than  would  attend  the  development  of  a 
eimikr  mineral  held  in  Great  Britain.  The  S<:juthem  States  however 
are  in  their  inlancy  as  iron* makers.  Give  them  a  little  time,  and 
I  see  nothing  to  prevent  their  producing  pig,  as  well  as  other  forms  of 
iron,  as  chcMipl y,  perhaps  more  cheaply,  than  it  can  be  manufactured  in 
most  other  known  quarters  of  the  globe. 

According  to  a  baud  sketch  made  for  me,  showing  a  section  from 
east  to  west, — beginning  at  the  eiMem  limit — wc  have  first  the  valley 
.containing  the  Cahawba  CoaUfieM,  To  the  west  of  it  is  a  ridge  con- 
ining  the  red  foseilifcrous  ore,  with  some  brown  hematite  in  the 
valley.  Jones*  Valley  already  mentioned  follows,  with  another  bed  of 
the  red  ore  in  the  hill  beyond,  G  to  $  feet  in  thickness,  and  immediately 
behind  it  is  the  Black  Warrior  Coal-field,  already  refeiTcd  to  in  the 
present  section.  To  the  east  of  the  Cahawba  Valley  are  other  deposits 
f  brown  ore,  but  these  I  was  onablc  to  visit,  there  Ixjing  no  railway 

mmodation  ;  beBidea  I  had  seen  enough  to  satisfy  me  that  want 

raw  materials  could  never  be  a  barrier  to  the  production  of  cheap 
•n  in  thia  part  of  the  world. 


LIMESTONE, 

It  would  be  useless  labour  to  devote  many  words  to  the  conditions 
^JBnd  expense  attending  the  working  of  limestone.  It  usDally  occurs  in 
•such  vast  masses  in  nature  and  so  near  the  surfac-e  that  it  is  obtained 
►m  quarries  at  a  cost,  including  royalty,  of  about  Is.  6d,  per  ton, 
IVith  dear  labour  as  in  the  United  States  the  price  of  quarrying  is  of 
course  proportionately  incretiscd.  The  chief  outlay  therefore,  in  very 
many  instances,  is  that  attending  its  transport  to  the  furnaces.  In  some 
cases,  it  is  true,  limestone  is  got  by  actual  mining,  and  under  such 

umstancea  considerable  expense  is  incurred  in  winning  it*    Practi- 


■afroj 
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cally  however  the  question  is  the 
will  content  myself  with  naming 
consumption. 


cost  at  the  ironworks^  ind  hence  I 
the  prices  given  me  at  the  poiDiof 


Middlesbrough   ... 

3/6  to  4/-  per  ton. 

Westphalia,  Qennany  8/-  to  4/-  par 

Scotland 

4/3  to  5/-        „ 

Saarbruck            „ 

...    2A     . 

South  Wales       ... 

1/6  to  3/.        „ 

Hayange             „ 

...    2/8     . 

South  Staffordshiro 

...     4/6       ., 

United  States- 

North          Do. 

4/3  to  5/-        „ 

New  York  Stat4w 

5/- to  6/3     . 

Shropshire 

...    4/9       „ 

Andover 

...    8/»     . 

Cumberland 

2/9  to  8/-        „ 

Yoangvtown    ... 

...    8/.      . 

Northamptonshire 

...    3/.        „ 

Pittsburg 

...    6/»     . 

Derbyshire 

...    3/2       „ 

Virginia 

....  3/.      . 

Lancashire 

1/6  to  3/6       „ 

Indiana 

...    3/9     . 

Longwy,  France... 

...    2/3       „ 

Alabama 

...    3/8     , 

St.  Dizier     „     ... 

...    1/3       „ 

Turcaiawat      ..> 

...    4/8     , 

Nancy           „     ... 

...    1/3       „ 

Chicago 

...    4/6     . 

Belgium 

1/2  to  2/6       „ 

Kentucky 

...    6/.      . 

In  many  cases,  the  information  given  in  the  present  section 
respecting  the  prices  and  other  particulars  of  the  minerals  nsed  in  the 
production  of  pig  iron,  affords  the  necessary  data  for  estimating  their 
cost  per  ton  of  the  product.  There  is  however  a  want  of  entire 
uniformity  in  the  data  to  which  the  information  in  question  applks, 
as  well  as  in  the  manner  in  which  one  or  more  of  the  minenils  are 
valued.  At  one  time,  where  the  furnace  owner  raises  his  own  ooal  and 
ore,  the  cost  prices  ai*e  quoted,  at  others,  where  the  minerak  are 
purchased,  the  market  quotations  form  the  basis  of  calculation.  In 
order  to  secure  as  far  as  practicable  a  uniform  standard  of  comparison, 
a  moderate  sum  has  been  added  to  cover  the  miner's  profit;  and  a 
period  of  low  prices  has  been  selected,  when,  in  the  majority  of  omm, 
this  profit  would  be  small,  and  when,  it  may  be  assomed,  the  maken 
were  endeavouring  to  work  under  the  most  economical  conditions. 
At  the  time  in  question  Cleveland  No.  3  was  selling  at  378.  6d.,  mixed 
numbers  of  Scotch  pig  at  488.  6d.  at  Glasgow,  and  for  hematite  iron 
in  Cumberland  and  Lancashire  the  ore  is  taken  at  13s.  per  ton. 

It  is  not  proposed  to  carry  the  comparison  beyond  the  ooii  <rf 
the  minerals  required  to  produce  a  ton  of  metal,  because  the  smelting 
charges  vary  considerably,  even  in  the  same  locality,  according  to  the 
more  or  less  perfect  character  of  the  furnace  plant    In  other  4 
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no  differenee  arises  from  this  cause,  but  where  the  006t  te 
dependent  on  the  price  and  efficiency  of  labour,  differences  of  the 
latter  c)n£s  will  in  most  cases  he  equally  applicable  to  the  wages  paid 


i 


le  f  arnaces  a^  at  the  minea. 


'ABLE  shoivinij  a})pr(mnutU!y  the  Comparative  Costs  of  Coke  (or 

Raw  Coal)^  Ore,  and  Limestone  required  to  produce  One  Ton  of 

Pig  Iron  in  various  Lomlltie^t  cakukted  upon  the  Selling  Priest 

of  i/m  Mater iiiU  vsed—^givm  in  percentages  of  No.  il  Cleveland  Pig* 

MIDDLESBRO*- 

Cleveland  No.  3  100  Forgo  iron  ..,98     Bessemer    ,«  123 

In  the  beginning  of  1884  the  cost  of  Spanish  ore  has  fallen  to  an 

abiK»rmiiIly  low  price.     In  the  estimate  of  Bessemer  iron  the  ore  has 

been  taken  at  i:^.  per  ton  in  the  Tees,    On  the  Cleveland  iron  the  cost 

l^arriage,  per  ton  of  iron,  is  about  1%.  9d.,  and  on  the  Bessemer  iron 

^nt   17b.    The  royalties  on  tlie  minerals,  for  the  Cleveland  iron, 

^B  be  taken  at  Z%,  Dd.  per  ton  of  pig. 

H^ORTHUMBERLAND— 

1^  Bessemer    ...  120 

f      The  carriage  nn  fuel  from  the  cijllicries  to  the  fumacefl  in  North- 
|aral>erland  costs  wmc thing  less  than  it  does  in  the  Middlesbroogh 

iict;  and  the  Tyne  being  a  Ix^Lter  loading  port  than  the  Tecs,  the 
ht  from  Bilbao  is  frequently  j-atlier  less  to  tlie  former.    These 
utagea  combined  may  sometimes  reduce  the  co«t  in  the  North- 
erland  furnaces  to  something  below  tlie  figure  given. 
INCOLNSHIRE- 

foundry 
No.  3  .     99 

til  this  case,  using  S<juth  Durham  cc(ke,  the  conveyance  of  the 
rals  per  ton  of  iron  is  probably  7s.  9d.  to  8s.  fid.,  and  tlie  royalties 
mt  to  about  4s. 
ORTHAMPTONSHIRE- 
ndry 
No.  3       ...     93 

i  carriage  on  the  minerals  to  the  furnace  is  IjeUeved  to  amount 
out  10b.  per  ton  of  metal,  and  the  royalties  to  Ss.  9d. 
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DERBYSHIRE- 
Foundry 
No.  3       ...  104 

The  railway  dues  on  the  mineraLs  are  assomed  to  be  lOs.  6d.,  and 
the  royalties  Ss.  9d.  on  the  ton  of  iron. 

NORTH    STAFFORDSHIRE- 

Forge  Iron    ...    97 

The  railway  carriage  on  the  mineraLs  does  not  probably  exceed 
8s.  6d.  to  48.  per  ton  of  metal,  and  the  royalties  are  abont  48. 

SOUTH    STAFFORDSHIRE- 
Foundry 
No.  3       ...     120 

This  price  is  based  on  data  upon  which,  as  I  have  been  informed, 
a  cheap  foundry  iron  can  be  made  chiefly  fix)m  Northampton  ore,  vitb 
a  portion  of  mill  cinders. 

CUMBERLAND  AND   LANCASHIRE- 

Bessemer  ...  125 

The  ore  has  recently  fallen  considerably  in  price.  In  the  estixnata 
it  is  taken  at  18s.  at  the  fomaces.  The  dues  on  the  minerals  wOI 
come  to  abont  lOs.,  and  the  royalties  to  6s.  6d.  per  ton  of  iron.  The 
figare  given  above  represents  the  ratio  of  cost  for  Cnmberland,  bat  the 
average  of  that  of  Lancashire  is  about  the  same. 

SOUTH    WALES- 

Forg^e 120     Bessemer   ...  125 

The  forge  iron  is  entirely  from  Northamptonshire  stone,  and  the 
Bessemer  &om  Spanish  ore,  taken  at  the  same  price,  at  Bilbao,  as  tint 
smelted  in  Middlesbrough.  The  cost  of  conveying  the  minerals  for 
the  forge  iron  will  probably  be  18s.  and  the  royalties  88.  9d.  The 
cost  of  conveying  the  minerals  for  the  Bessemer  iron  may  be  takei 
at  20s.  6d.  on  the  ton  of  iron,  including  freight  from  Spain. 

SCOTLAND— 

Mixed  Nos 112 

The  railway  dues  on  the  minerals  and  conveyance  of  the  pig  iroB 
to  the  place  of  shipment  amount  to  6s.  8d.  to  7s.  6d.  and  the  royaltki 
(assuming  the  ironstone  to  be  half  calcined  black  band  and  half  chf 
ironstone)  may  be  reckoned  at  4s.  4^.  per  ton  of  iron. 
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jThe  localities  juet  given  comprise  the  chief  iron-makiiii^:  centres  in 
United  Kingdom,     Of  the  number  Middlesbrough,  Northnmber- 
and,  Cumberland,  Lancashire,  Scotland,  and  South  Wales  alone  can 

regarded  afi  occQpying  a  position  which  enables  them  to  export  pig 
Soatb  Wales  indeed  can  scarcely  be  regarded  in  thie  light,  at 
iH  events  in  periods  of  depressed  trade.  In  the  matter  of  cost  at  the 
hroaoes  it  enjoys  no  advantages  over  Middlesbrough  and  North- 
umberland, while  the  cast  of  conveying  the  iron  to  Cardiff  or  Newport 
Hill  average  at  least  28.  fJd,  per  ton*    Cheaper  labour  no  doubt  greatly 

lists  South  Wales,  bat  this  is  too  insignificant  in  amount,  in  the 
manufacture  of  pig  iron,  to  be  of  much  service;  when  however  the  pig 
iron  has  to  be  converted  into  steel  rails,  cheap  labour  and  cheap  fiiel 
mable  tliis  part  of  the  principality  to  compete  snccesafully  with  the 
rail  mills  at  the  sea-ports  in  the  North  of  England,  where  wages  are 
lijgher  and  the  coal  more  expensive,  because  more  distant  from  the 
eteel  works. 

Staffordshire  is  certainly  not  without  some  export  trade;  but  this 
is,  I  appi\iheud,  principaOy  confined  to  the  liigher  qualities  of  malle- 
blc  iron,  such  as  the  produce  of  the  works  of  Lord  Granville,  Lord 
Dudley,  and  a  few  others. 


The  calculations  which  follow  exhibit  the  position  of  some  of  the 
chief  iron-making  centres  on  the  Continent  of  Europe  and  in  the 
United  States. 

GiaMAN  ZoLX  Veebin. 

WESTERN    GERMANY- 
oundry    ...    100     Forge  iron  ..*    85 

The  above  figures  represent  the  cost,  qb  compai^d  with  Cleveland 

No.  Sj  of  pig  iron  produced  from  the  oolitic  ironstone  of  Western 

Oerrauny,  Luxembm^  and  France,  under  the  most  ftivoumble  circmn- 

-  which  came  under  my  oljservation.    At  the  particulai*  work 

1  to,  situate  ^^close  to  the  mine,  the  charge  for  conveyance  of 

[linerals  was  almost  exclusively  that  incurred  in  bringing  the  coke  from 

Ig^iura,  Westphalia  and  Saarbriick.     The  cost  of  caiTiage  therefore 

r  ton  of  iron  would  not  exceed  53,  on  forge  and  (Js.  6d.  to  78.  on 

AMUidry  iron;  and  the  royalties  were  under  Is.  on  the  ton  of  pig. 
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At  another  work,  situate  in  the  Saarbruck  ooal-field,  tba  coat  vh 
higher,  say  for  forgo  iron  108.  The  carriage  of  the  ore  firom  Luxem- 
burg, a  distance  of  about  80  miles,  coats  4a.  4d»  per  ton.  Dies  on 
minerals  about  148.  per  ton  and  royalties  about  Is.  on  the  ton  of  meUl. 

LUXEMBURG- 

Forge  Iron  ...   90 

This  cost  is  that  of  one  of  the  most  favourably  situated  and  IxEt 
appointed  works  in  the  Duchy.  The  iron  made  here  and  at  otlier 
works  is  chiefly  white  ibrge,  and  as  the  coal-fields,  Belgian  and 
Westphalian  are  distant,  little  beyond  the  manufactare  of  pig  iron  is 
attempted.  The  average  dues  on  coke  are  about  78.  per  ton.  Tbe 
total  cost  of  conveying  the  minerals  will  be  about  98.  and  that  of 
royalties  about  Is.  per  ton  of  iron  made. 

ILSEDE- 

Forge  Iron   ...    80 

This  place,  although  about  140  miles  from  the  Ruhr  coal,  is  able 
to  make  very  cheap  pig  iron,  owing  to  the  very  inexpenaive  ore  got  i& 
the  neighbourhood.  This  mineral  contains  a  good  deal  of  phosphonu. 
which  fits  the  iron  produced  admirably  well  for  the  Bessemer  base 
process.  A  small  addition  has  been  made  for  supposed  profit  on  the 
ironstone.    The  fuel  is  partly  coked  at  the  furnaces. 

The  probable  cost  of  conveying  minerals  I  estimate  at  ISa.,  and 
royalties  at  about  Is.  per  ton  of  iron  made. 

WESTPHALIA- 

Foundry  ...  140    Forge  (Common)  103    Bessemer  ...  140 
Do.    (Best)         135 

The  ores  employed  at  the  work  affording  the  above  resnlts  are  obtaiwHi 
from  such  a  variety  of  different  places  that  I  am  unable  to  give  any 
precise  information  respecting  the  cost  of  conveying  the  minerals  for  tbe 
foundry  and  forge  iron.  Although  for  Bessemer  iron  a  mixture  of  ores 
is  used,  nothing  at  the  present  moment — 1884 — is  cheaper  than  that 
of  Bilbao.  Inclusive  of  sea  ^ight,  the  carriage  on  the  ore  and  ooal 
will  cost  about  23s.  on  the  ton  of  iron  and  the  royalties  Is. 

It  is  very  difScult  to  give  a  correct  average  of  tbe  Westpba&n 
works  owing  to  the  great  difibrcnces  in  the  chaiacttf  <^  the  blast 
furnaces. 
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At  the  period  when  the  above  information  wns  CGllect^d  I  was 
irmcd  that  the  white  pig  of  Luxemburtr  was  being  delivered  at 
Rhenifih  works  nt  45s.  per  toB, 
FRANCE. 
DEPARTMENT  OF  MEURTHE- 

Ilindry  iron,  137  Forgre  iron  ..  IIO 
p  coke  used  for  making  the  above-mentioned  iron  is  brought  from 
I  EuUr,  a  distance  of  2 IT*  miles ;  from  Anzia,  277  miles;  and  from 
Irbruck,  61  miJe«*  The  cost  of  conveying  the  materials  to  the 
Dace  will  pmbably  be  from  88.  to  10s.  per  tcni  of  iron,  according 
the  proportions  of  German  or  French  coke  which  is  used.  The 
royalties  will  not  amount  to  Is,  It  is  perhaps  worthy  of  note  that 
grey  pig  iron  was  Belling  in  the  neighbourhood  of  this  work  for  308- 
than  the  price  at  i^Iiddlcsbrongh* 

lEIGHBOURHOOD  OF  NANCY- 

At  one  work  Forge  iron,  103 
At  a  second  work 90 

t  ore  was  fi'om  the  oolitic  bed*  and  the  coke  partly  from  Anzin  and 
kly  from  Saarbrii(^k.  In  both  cases  the  conveyance  was  by  canal, 
ing  7s.  2jd.  in  the  former  and  28.  O^d.  in  the  latter  case.  The 
ooBt  of  conveying  the  ore  was  only  7d.  per  ton,  by  rail.  Approximately 
efore  we  may  take  the  charge  of  bringing  the  rainenils  to  the 
ftaoe  to  be  7s.  Ud.  on  the  ton  of  iron,  and  the  royalties  under  Is. 
[From  a  work  further  south,  and  not  so  favourably  situated^  usiiig 
Stic  stune  for  forge  iron,  a  mixture  of  ores  for  foundry  purposes,  and 
3y  African  ore  fur  Bessemer,  I  have  the  following  estimates  in 
ftparison  with  Middlesbrough  costs : — 
Foundry  iron,  129     Forge  iron    ...  123     Bessemer  ...  214 

NEIGHBOURHOOD  OF  ST.  ETIENNE- 

Bessemer  Iron 221 

A  second  work  Bessemer  iron  ,.  23Q 
Do.     in  1867  Bessemer  iron  ,    212 

cwigii  Si.  Etienne  is  plentifully  supplied  with  cual,  the  great 
Siand  upon  its  resources  Iceeps  up  the  price*  In  ilhiatriition  of  this 
kvc  inserted  the  cost  of  Bessemer  iron  in  the  year  1SG7,  when  uoke 
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was  valued  at  22  francs,  whereas  nearly  20  years  afterwards,  with  the 
iron  trade  generally  speaking  in  a  depressed  state,  it  was  selling  at 
25  francs,  and  the  washed  coal  from  which  it  was  made  at  ISs.  6d.  at 
the  furnaces.  Neither  can  the  district  be  said  to  be  well  situate  as 
regards  ore,  being  largely  dependent  on  that  from  Mokta  in  Africa. 
The  price  of  this  ore  at  that  time  was  12s.  8d.  per  ton  f  .o.b.,  the  sea 
freight  and  railway  carriage  198.  4d.  Elba  and  other  ores  were  used, 
but  they  were  equally  dear.  The  mere  cost  of  carriage  on  the  minerals 
from  the  mines  must  be  more  than  80s.  on  the  ton  of  iron. 

CENTRAL  FRANCE  (Four  examples)— 

Forge  Iron  ...    158 

Do-  ...    175 

Do.  ...    187 

Do.  ...    156 

It  is  many  years  since  I  visited  the  works  of  the  district  in  the  dqwt- 
ment  of  Allier.  I  have  no  reason  for  thinking  friel  is  any  cheaper  now 
than  it  was  when  I  examined  the  works,  and  the  ore  was,  when  I  was 
there  expensiye  to  obtain.  Since  then  the  ironstone  of  Eastern  France, 
between  Metz  and  Nancy,  has  been  developed,  and,  as  will  be  seen  on 
comparing  the  districts,  is  infinitely  more  favourably  situate  than  that 
of  any  other  part  of  the  French  territory. 

BELGIUM. 

As  already  intimated,  page  659,  the  ironworks  of  Belginm  are  almost 
entirely  dependent  on  imported  ores.  For  common  purposes  the  supphes 
are  brought  from  Luxemburg,  and  for  Bessemer  iron  Uie  mines  of  Bilbao 
furnish  the  largest  quantity.  Begarding  these  two  varieties  of  ore  as 
those  upon  which  Belgium  trade  rests  we  have : — 

Foundry  iron,  120     Forge  iron...    102     Bessemer  ...  140 

The  Luxemburg  ore  is  taken  at  7s.  per  ton,  of  which  4s.  is  carriage; 
and  the  Bilbcib  ore  at  17s.  of  which  8s.  is  carriage  from  Antwerp  partly 
by  boat  and  partly  by  rail.  The  ore  is  valued  at  14s.  ejpshipat 
Antwerp ;  freight  from  Bilbao  8s.  Approximately  the  conveyance  of 
the  minerals  per  ton  of  iron  made  from  Luxemburg  ore  is  128.  6d. 
and  13s.  6d.,  and  the  total  conveyance  on  the  Bessemer  iron  will  pio> 
bably  stand  at  22s.  to  24s.  on  the  ton  of  pig. 
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IINITED   STATES. 

Mention  has  already  been  nrnde  of  the  excessive  flnctuations  in  costs 
of  production  which  have  marked  the  pi'ogress  of  the  American  iron 
tnide.  According  to  a  statement  which  has  already  appeared  in  these 
pages  (p,  606)  the  cost  of  mineralg  in  a  ton  of  iron  made  on  Lake 
Champhvin  rose  from  15*85  dollars  in  1871  to  2r21  dollars  in  1874, 
or  from  100  to  128  per  cent.  Tlie  starting  pciiiit  in  ClcTcland  was 
of  cx.»ur8e  considerably  below  15'85,  but  the  fluctuation  of  coat  of 
minerals  was  such  that  what  might  be  taken  aB  100  in  1871  rose  to  174 
in  the  year  1874,  and  fell  to  110  in  1876. 

It  has  not  been  my  good  fortune  to  visit  America  since  1876,  and 
1  have  not  sufficient  data  to  enable  me  to  compare  the  present  ccjsts  in 
England  with  those  of  the  United  States.  I  have  therefore  found  it 
impossible  to  construct  a  comparative  tabic  of  costs  of  pig  iron,  which, 
instead  of  being  useful,  would  not  have  been  calculated  to  mislead. 
Not  only  upon  the  two  occasions  of  my  visits  to  America  were  the 
prices  paid  for  labour  in  connection  with  mining  and  iron  making,  in 
many  eases,  far  above  those  current  on  our  side  of  the  Atlantic,  but 
they  were  disproportionate  to  those  received  by  the  workmen  in  other 
branches  of  American  industry.  Btsides  haviug  the  costs  unduly 
raised  from  this  aiuse,  the  iron  masters  compliiined  of  the  rates  charged 
for  caiTiage  on  the  railways,  and  of  the  price  of  coal  forced  np  by  a 
combination  among  the  railway  companiea* 

Under  such  circumstances  no  actual  estimate  of  the  cost  of  pig 
iron  based  on  the  prices  of  1874  or  1876  would  have  had  any  value 
in  estimating  the  position  of  the  United  States  to  compete  with  the 
iron-making  centres  in  Europe  in  an  export  trade,  1  have  ojion  one 
or  two  occasions  inBei*ted  information  obtained  since  my  visits  to  the 
iron  works  in  America,  and  this,  together  with  the  summary  which 
follows  hereafter  of  the  costs  of  bringing  the  minerals  to  the  furnaces, 
will  give  a  general  idea  of  the  relative  cost  of  manufacture. 

As  a  rule  we  may  take  it  that  the  manufacture  of  pig  iron  is  carried 
on  in  the  Northern  States  under  circnmstancea  of  considerable  difficiilry. 
Practically  this  means,  at  present,  the  entire  make  of  the  country, 
liectausc  in  1S82  the  quantity  made  in  the  Southern  States  did  not 
exceed  15  per  cent,  of  the  whole  production.  A  chief  and  at  the  same 
lime  an  insurmountable  imfKidiment  to  the  manufacture  of  cheap  pig 
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iron  in  the  North  is  the  distance  generally  speaking  between  the  ore 
and  the  fuel.  I  propose  shortly  to  point  out  the  extent  to  which  the 
question  of  transport  affects  the  cost  of  pig  iron. 

At  pp.  662  and  664  it  was  estimated  that  in  1882  out  of  7,869,1^ 
gross  tons  of  ore  dealt  with  5,417,649  were  either  the  produce  of  foorof 
the  Northern  States  or  were  imported.  The  different  sources  of  ori^n 
of  this  last  named  quantity  were  as  follows : — 

Lake  Saperior  inclading  Menominee  Range      2,943,314 

New  Jersey            ...  900^000 

Lake  Champlain 675/X)0 

ComwaU  Bank       309,680 

Imported     589,655 


Total        6,417,649 


The  chief  centres  of  consumption  of  the  ore  obtained  from  th«e 
sources  will  be  consecutively  examined  with  a  view  to  ascertain  theooet 
of  bringing  together  the  minerals  required  to  produce  one  ton  of  pig 
iron. 

Cost  of  conveying  minerals  for  a  ton  of  iron  made 
from  Lake  Superior  ore.~A  certain  quantity  of  the  produce  of 
the  mines  of  this  district  is  smelted  on  the  spot  by  means  of  charcoal 
In  this  case  the  carriage  of  the  ore  will  probably  not  exceed  Is.  or  2s. 
per  ton.  The  cost  of  conveying  the  charcoal  varies  exceedingly,  bnt 
supposing  it  to  average  [>s.  the  total  exfjense  of  bringing  the  raw 
materials  together  will  work  out  to  about  8s.  on  the  ton  of  pig  iron. 
Taking  Cleveland  City  as  the  nearest  point  of  consumption  of  pig,  tlje 
carriage  on  the  metal  including  lake  freight,  will  be  about  128.,  bring- 
ing up  the  total  to  20s.  per  ton  of  iron.  Delivered  at  Pittsburg  die 
total  cost  for  ciirriage  and  freight  would  come  to  about  258.  p^*  twn 
of  pig.  To  Chicago,  where  there  are  Bessemer  works,  the  cost  of 
transport  woald  Ix?  something  less — say  about  23s. 

A  certain  quantity  of  the  Lake  Superior  ore  is  smelted  at  Chicago*. 
and  the  cost  of  conveying  it  from  the  mines  to  the  works  will  probaWj 
average  12s.  per  tun  :  the  fuel  used  in  the  blast  furnaces  is  coke  from 
Connellsville,  the  carriage  of  which  in  1876  was  about  208.  to  2:'a. 
From  this  it  is  estimated  that  the  cost  of  transport  on  the  minerals, 
per  ton  of  Bessemer  iron  was  not  less  than  468. 
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The  carriiige  of  a  ton  of  ore  from  the  Lake  Ruperior  Mioes  to 
leveland  City  in  1874  was  Hs.  9d*  The  fuel  is  chiefly  raw  coat  of 
vhlch  2{  tons  are  used  per  U^n  of  grey  iron,  the  railway  dues  befn^ 

Sjd.     From  theae  data  it  ib  eetiraated  that  the  transport  on  the 

erialfl  for  a  ton  of  pig  will  he  abont  828. 

A  considerable  quantity  of  Lake  Superior  ore  gom  to  the  Pittsburg 

k furnaces.  Tlie  caiTiage  of  the  ore  from  the  mines  was  about  23a,, 
and  that  of  coke  from  Conndlsville  about  48,,  and  of  limestone  about 
l8.  6d.  per  ton.  This  will  bring  the  cost  of  carriage  on  the  minerals, 
for  a  ton  of  iron,  to  alx>ut  lOs.  <Id. 

Cost  of  conveying  minerals  per  ton  of  Iron  made  from 
New  Jersey  ore.— This  ore  is  chteSy  conveyed  to  the  furnaces 
situate  to  the  weEt  of  the  raine«  at  Andover,  Olerulun,  &c.  The  dues 
1  by  rail  are  about  58.  on  coal  and  ore.  Three  and  a  half  tons  are  used 
^kf  the  two  together  costing  for  transport  iTs,  ikh ;  which  with  that  on 
^■12  cwrt,  of  limestone  brings  the  total  charge  to  I8a.  per  ton  of  metal, 
^     Cost  of  conveying  minerals  per  ton  of  iron  made  from 

I  ores  of  Lake  Champlain.— The  transp^irt  charges  on  the  materials 
p&c  ton  of  iron  smelted  on  the  Lake  are  thus  made  up.  In  1874  the 
too»t  of  conveying  the  coal,  partly  by  rail  and  partly  by  water,  was 
5l4«.  9d,,  aod  that  of  the  ore  about  28.  At  these  figures  the  conveyance 
df  the  minerals  was  abont  2f»s.  per  ton  of  pig.  But  to  get  the  imn 
to  market  costs  Ga,  more,  making  the  total  cost  :32s. 
L  If  the  Lake  Champlain  ore  is  smelted  on  tlie  Anthracite  coal-field, 
^Btiic  charges  fur  transport  will  be  about  the  same  as  at  the  furnaces  on 
Hihe  Lake  itself^  the  quantity  of  material  to  >^  carried  either  way  ri»»t 
^^ differing  greatly. 

r  Cost  of  conveying  the  minerals  per  ton  of  iron  made 

^■from  Cornwall  ore.— The  eJtpense  of  bringing  coal  to  Lebrnum, 
i' where  the  furnat^es  are  chiefly  situated,  in  1H74  was  58.  Hd*  per  ton  • 

Itliat  incurred  in  carrying  the  oit?  to  Lebanon  is  Is.  :?d.  The  average 
eonanmption  ia  about  2  tons  of  ore  and  the  same  of  coal,  and  J  ton  of 
limest<jne;  which  brings  the  cost  per  ton  of  iron  for  carriage  of 
materials  to  al)out  L^s* 
Cost  of  conveying  minerals  per  ton  of  Iron  made  from 
imported  ores.— I  saw  at  a  large  work  in  the  Lehigh  Valley  a  con- 
r  aidenvble  quantity  of  ore  iuiported  from  Eun>j)e.    The  chief  source  of 
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supply  is  from  Bilbao.  Ships  which  have  brought  American  produce  to 
the  United  Kingdom  &c.  occasionally  go  round  bj  the  Bay  <il  Bwm} 
and  load  ore.  The  freight  varies  considerably,  but  far  the  purpose  of 
this  estimate  we  will  assnme  the  rate  to  be  128. 6d.  Including  unload- 
ing at  New  York  and  railway  dues  to  the  furnaces,  the  cost  of  carria^ 
will  not  &11  short  of  17s.  6d.  The  coal  is  84  miles  distant,  and  the 
charge  made  by  the  railway  company  was  3s.  per  ton.  The  expenie 
therefore  on  the  ton  of  iron  for  conveying  the  minerals  will  not  fall 
short  of  40s. 

It  mast  not  be  supposed  that  the  sums  just  mentioned,  as  represent- 
ing the  cost  of  bringing  the  minerals  to  the  blast  furnaces,  always  give 
the  amount  actually  entailed  in  the  manufacture  of  every  ton  of  iron 
made  at  any  particular  work.  In  some  cases  no  doubt  the  whole  of 
the  materials  have  to  be  conveyed  over  the  full  distances  upon  whksk 
the  estimates  just  given  have  been  calculated.  In  others  however 
more  or  less  of  the  ore  which  is  smelted  may  be  obtained  from  mines 
moi-e  favourably  situated  than  those  of  Lake  Superior  or  Lake  Ohamp** 
lain.  Looking  at  the  question  however  as  a  whole,  we  have  something 
like  3^  million  tons  of  pig  iron  produced  in  the  Northem  Statei 
under  the  unfavourable  conditions  as  to  carriage  just  described. 

Cost  of  conveying  minerals  per  ton  of  iron  in  Kentuclcy. 

— The  distances  of  the  mines  from  the  fumaoes  vary  very  much.  The 
ironstone  has  sometimes  to  be  brought  by  rail  3  and  at  other  times  IS 
miles.  In  my  notes  I  find  as  much  as  8s.  per  ton  of  ore  was  paid  for 
dues.  There  are  collieries  on  the  river  itself ;  and  from  one  of  these 
the  cost  of  bringing  the  fuel  to  one  furnace  I  visited  was  only  about 
6d.  per  ton.  Under  such  circumstances  as  those  just  referred  to  it  is 
not  probable  that  the  charge  for  carrying  the  minerals  for  a  ton  of  iron 
can  exceed  that  at  Middlesbrough,  say  7s.  9d. 

Cost  of  conveying  the  minerals  per  ton  of  iron  made 
from  the  Iron  Mountain  and  Pilot  Knob  of  IVIissouri.— lite 

cost  of  bringing  the  produce  of  these  mines  to  the  Carondalet  fumaosB 
near  St.  Louis  was  about  7s.  9d.  in  1874.  The  fuel  preferred  was 
Connelisville  coke  brought  from  a  distance  of  600  miles,  at  a  cost  for 
convevance  of  about  2Ss.  per,  ton.  The  ftiel  employed  however  con- 
sists of  60  per  cent,  of  coke  and  40  per  cent,  of  raw  coal,  brought  from 
the  Big  Muddy  River  coal-field.     This  hitter  wtts  being  delivered  at 
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t.  Louia  for  Ua.  9d.  by  tbe  Kissisgippi.  Indiiding  the  river  freight, 
^hich  is  28,  H^d.,  I  suppose  48.  6d,  would  be  the  outside  cost  for 
uriage.  TlH?-se  figures  would  bring  the  average  mte  of  caniage  on 
the  fuel  to  ISs.  fid.  The  weight  consumed  was  nearljr  30  cwt,  per 
i  of  iron,  so  that  the  total  expense  of  conTejing  the  raw  materials  to 
fumac^es  will  amount  to  about  35s*  p>er  ton  of  the  metal  produced* 


I 


In  some  of  the  abore-mcntioned  instauceg  of  costs  of  transport  of 
irom-miikiiig  minerals  in  the  United  States  there  are  rates,  such  as 
Iktliose  on  tlve  Marquette  and  on  the  Iron  Moimtain  and  St.  I^ijuis 
^■Kailwajs,  whieh  may  be  susceptible  of  naiiuction ;  but  in  many  cases, 
^nud  OQ  long  distances^  the  charge  does  not  app^r  exoeasiTe. 
V  Before  eonsiderijig  the  position  of  Tennessee,  Alabama,  and  Georgia 
Hi  would  refer  to  the  diHiculties  the  American  iron  smelters  in  the 
BNotthoiTi  States  have  had  to  encounter  in  the  high  prices  they  have 

bad  to  pay  for  their  fiiel  and  or©- 
1^  As  regards  the  fuel,  the  observation  is  limited  to  the  furnaces 
^Bilging  untbracitej  for  when  I  visited  the  ii'on works  in  1874  the  price 
^Bof  ConuclJsville  coke  was  only  about  58.  at  the  ovens,  and  Bince  then, 
^h|fiordiiig  to  Mr.  Swank's  returns,  it  has  been  sold  at  90  cents,  and 
^^^B^rally  in  other  localities  the  price  of  coal  wag  moderate. 
^^^■As  regards  anthracite  however^  although  in  IB74  the  price  of  iron 
^Rvm  such  that  the  iruu  masters  were  making  no  profit,  the  cost  of  this 
^Kfuel  was  lis.  Od*  per  ton  at  the  pit^  leaving,  as  I  estimate,  from 
^■6b.  to  ()»»  profit  to  the  mine  owner.  This  excessive  charge,  it  must  be 
^■remembered,  did  not  arise  from  any  difficulty  in  supplying  the  demand, 
^Ebnt  from  a  combination  among  the  railway  companies,  wlio,  being  also 
^Lx>al -owners,  not  only  cvjutiTiIled  the  prices  of  their  own  coal,  but  by 
^pmisiag  Uie  dues  for  conveying  the  produce  of  independent  mine 
^KownerSj  exei'cised  for  a  time  all  the  priTileges  of  a  very  dangerous 
^Mnonupoly. 

^B.  ,  For  the  ^^tcessive  price  of  ore  the  iron  trade  had  itself  to  blame. 
^K{!bc  rapid  expansion  of  the  production  of  pig  iron,  ah^eady  spoken  of 
^ftiii  tbeee  pages,  was  more  than  the  mines  were  able  to  meet,  and  in  con- 
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sequenoG,  owing  to  the  competition  offered  by  the  fUrnaoe 
tlieinselves,  the  mine  owners  had  no  difficulty  in  maintaining  a  i 
high  price  for  their  ore. 

According  to  my  own  obserrations,  und  guided  by  the  infonxAtiGO 

I  obtained,  I  egtimate  thtit  on  every  ton  of  in^n  manufactured  from 
the  follo^^iii^  ores,  the  owners  of  the  tx'st  mines  received  in  the  1 
of  profits  the  amount  attached  to  each  : — 

Lttkt' Siiporior   ,.  ..        ,..        15«. 

Cornwall  Ujink  .,         ,.,         ,..         38a. 

If  to  these  figures  Os,  to  los,  fid.  of  pnifit  to  the  ooal-ownens  ba»  td 
be  added  for  each  ton  of  iron  «rneUed  by  means  of  anthracite  it  moA 
be  admitted  that  an  ijn]nH:i  fit  able  trade  was  being  made  to  carry  &  reiy 
heavy  burthen  on  its  shoulders. 

In  187(1  the  price  of  coal  delivered  at  some  of  the  ftiroaoes  ma 
reduced  to  1 28»  Cd,  per  ton,  viz.,  lOs.  3d.  at  Mauch  Chunck,  with  2s,  Ji 
for  railway  dues.  The  vahiea  given  me  for  tlie  various  ores  when  ti 
the  mines  near  Marquette  in  1876,  were  as  under: — 


Ove  of  JiM^kson  Mine  ,., 

IB  lU 

Do,    Clevelund  Mine 

... 

15     1 

Do,     Lake  Sui)erior  Miue 

•fnt*  A.>*4VI 

15     I 

Do.     MltilHgumme  Mine 



1%    H 

Prai'tically  thercfori'  the  ore  was  sold  at  the  same  raie^  in  18i1j  aa 
it  was  in  1874 ;  pig  iron  at  Middlesbmugh  in  the  meantime  having 
fallen  23s.  and  Scotch  pig  at  Glasgow  21)8.  per  ton. 

Cost  of  conveying  minerals  to  make  a  ton  of  iron  In 
the  Southern  States.— For  the  purpose  of  examining  this  branch 
of  the  subject  I  prefer  taking  Alabama,  as  beiug  the  stati?  in  which, in 
all  probability,  the  cheapest  iron  will  hereafter  be  made  in  all  the 
Ameriean  Union.  The  close  proximity  of  the  coal  and  ore  hag  ulivadj 
been  described,  but  the  introduction  of  the  manufacture  of  pig  iron  bj 
means  of  fossil  fuel,  is  too  recent  to  have  afforded  opportnnitia  cf 
opening  up  the  country  by  suflicient  railway  accommodation.  I  connol 
doubt  however,  from  what  I  saw  and  heard,  that  many  locations 
present  themselves  where  tlie  distance  of  transport  of  one  of 
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aatcrials  to  furnaces  situatetl  on  the  others  will  not  exceed  3  or  4 
0,     If  I  um  correct  iii  this,  then  probably  aomethirjf^  under  2s.  Gd, 

er  ton  of  pig  iron  will  cover  the  cosl  of  carriage  ;  but  ahould  it  from 
fcny  circumstances  unknown  to  myself  amount  to  58.,  still  it  would  seem, 
frona   this  and  from  what  haa  preceded,  that  there  are  few  if  any 

uuntries,  where  pig  irun  can  be  produced  on  cheaper  terras  than  it 

rill  be  manufactured  in  Abhunia. 


With  the  enormous  resources  possessed  by  the  United  States  in  ore 
and  coal,  the  question  of  the  capability  of  America  to  become  a  great 
sport^r  of  iron  is  one  which  greatly  intereijts  the  British  producer  in 
fie  future.    Of  the  ability  of  the  United  States  to  occupy  this  position 
L»rne  public  writers  there  m  wi:li  as  private  individuals  entertain  some- 
Jwhat  sanguine  expectations.     In  IHTTi  Mr.  W*  E,  S.  Baker,  of  Phila- 
Jphia,  iSecretary  to  the  Eastern  IronmasterB*  AsfiociatioUp  compiled 
nblefl  showing  the  cost  of  pig  aud  bar  iron  at  the  works*  beginning  in 
|l85Q  and  ending  at  ihc  end  of  March,  187tj.     Their  contents,  coming 
they  do  from  an  ollicial  authority,  are  interesting  at  the  point  we 
bave  now  reached,  and  I  therefore  insert  the  tables  on  page  096  com- 
piled by  this  officer  of  the  Eastern  iron  trade. 

The  Irmi  Age  newspaper  of  New  York  offers  the  tbllowing  obser- 
rations  upon  Mr.  Baker's  statements : — 

•*Mr.  Baker's  hgarejs  are  compiled  with  great  care,  and  fairly 
Bpresent  the  cost  of  pig  and  bar  iron  at  Pennsylvania  favourably 
itaated  for  economy.     Sume  furnace  and  mill  owners  can  probably 
iron  ftw  less  than  the  totals  given  in  Mr.  Baker*B  table  j  a  great 
[lany  others  thiuk  they  i  an,  and  the  results  of  mistakes  of  this  kind 
f«8  to  the  cost  of  iron  are  found  in  the  faihire  <»f  upwards  of  40  per  cent. 
of  our  iron  works,  east  and  west,  since  1873," 

^*'  Comparing  the  totals  of  costs  for  a  series  of  years,  we  dnd  that  pig 
on  can  be  made  chetiptT  to-day  than  at  any  time  since  1803;  while 
te  cost  of  con\'erting  pig  iron  into  bars  is  less  than  at  any  time  since 
18G2.  Examining  the  items  entering  into  the  cost  of  pig  iron,  we 
find  that  laliour  has  been  reduced  to  ante-war  rates.  In  sfunc  places 
of  which  we  know,  labour  employed  in  mines  is  down  to  80  cents  per 
day,  and  in  others  men  can  be  had  for  the  rough  work  about  blast 
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L       "With  *iur  present  capacity  for  prodaciug  iron,  it  is  obvious  thutilH 
rutiliaatiou  dejieiidfl  upon  the  building-np  of  uii  export  trndc ;  biH 
before  we  can  do  this  with  the  certainty  of  holding  such  adTan(agQ^| 
we  may  gain,  we  must  be  able  to  reduce  the  cost  of  pitiductiun  ctqi 
below  the  present  luwest  avemgc.     To  secure  a  further  iXHiuctioa  io 
the  cost  of  materlulfi  we  must  break  up  the  coal  ring  and  the  ruilrtJiJ 
ring*     Thig  ajuld  be  done,  ajs  wc  sludl  show  in  i4  future  issue,  by  kpl 
means;  whether  it  will  or  not  depends  upon  whether  the  iron  markets 
of  the  Ea8t  Imve  the  coiirago  to  gmpple  with  the  evils  they  have 
ul lowed  to  grow  daring  the  years  of  their  prosperity," 

Mr.  Buker  mentions  that  the  ure  used  in  the  blast  fumaoea  oonsistsof 
a  mixture  of  Juinata  imd  Montour  hematites,  with  a  little  Comwail, 
and  that  the  average  cousumption  over  20  years  was  2*17  tc^ns  per  U>tt 
of  pig—equal  therefore  to  46-08  per  cent  The  coal  was  anthradto^ 
ciuefly  from  the  Wyoming  and  Lehi^4»  Valleys :  10  cwts.  were  UBed 
per  ton,  and  ^*0'08  cwts.  of  limestone. 

The  coal  used  in  the  mills  was  Broadtop  and  Cumberland. 
Mr,  Baker  gives  ^0*32  cwts.  of  coal  to  have  lieen  consumed  per  ton  uf 
tiniebed  bars,  and  20' lU  cwts.  of  a  mixture  of  white  pig  iron.  Boli 
these  quantities  however  are,  I  cannot  help  thinking,  erroneous. 

Now  I  cannot  I'esist  the  impression  that  some  \'ery  important  mas- 
ters have  been  overlooked  in  commenting  upon  these  figures,  wliich  are 
calcultited,  according  to  the  Iron  Age,  to  convey  a  lesson  to  the  irou 
r  manufacturers  of  America  as  to  the  meaua  to  be  pursued  to  obtain 
an  exj>ort  tmde. 

The  railway  companies  are  held  i)arUy  responsible  by  tlie  jomiial 
in  question,  for  the  high  price  of  ores  in  the  later  yeai-s  giveQ  in 
Mr.  Bakers  tables;  but  in  reality  the  otlier  uiuse  refeiTed  to  is  far 
more  respoDsible  fur  the  change  than  the  railways  viz. :  the  scarcity  of 
ore  ne^iT  the  furnaces.  It  was  some  1  »^>  years  after  the  periods  of  cheap 
jiroduction,  in  1850  and  the  following  years,  before  Lake  Superior  and 
Lake  Champlain  did  much  to  nsBcne  the  American  iron  trade  from  the 
impending  ore  famine  which  Uireatened  t/o  overtake  it.  When  suppliei 
commenced  t^  reach  the  liftst  fiiniace«  from  those  distant  mines,  thqr 
came  loaded  with  a  weight  of  aoOMdiitig  like  GOs.  on  ever)^  ton  of  iron 
tliey  furnished,  in  the  shape  iitoatrngb  and  ptufit  to  the  mineowneffi 
charged  at  famine  prk«^  as  ooonodidiM  usually  are  in  tioies  of 
scarcity. 
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I  have  alrefwiy  pointed  out  the  circumstances  which  enabled  the 
Tiiilway  companies  and  coal  owners  to  inflict  "the  extortionate  prices'^ 
Dinplained  of  iti  the  Iron  Aye,  upon  a  trade  in  which  them  had  been 
l^faihirm  of  40  per  cent*  of  the  ironworks  since  the  year  187^1/*  The 
oumbi nation  met,  a«  I  foretold  in  1874  it  would  meet,  its  own  reward  j 
butaflerall  the  line  18  perhaps  not  a  very  strong  one  which  divides 
the  policy  under  which  railroads  and  coal  owners,  independently  of 
State  assistance,  raise  the  price  of  coal,  from  that  under  which  iron 
masters,  demand  and  secnre  that  State  eo-oporation  which  enables 
em  to  trcfid  in  the  footsteps  of  the  very  monopoly  so  distasteful  to 
^  edit<»r  of  the  jourmil  just  quoted. 

Before  noticin<^  what  is  advanced  by  the  Irm  Age  on  the  labour 

nestion,  I  would  call  attention  to  the  unejqilained  causes  which  have 

lised  the  cost  on  bar  iron  for  ** sundries"  (which  must  mean  stores, 

n^pairs,  rates  and  taxes,  management  &c,)  from  4*64  dollars  in  1850  tc» 

ovc   10  dollars  in  subsequeub  years;  and  the  apparently  wasteful 

Bthod  in  which  the  pi**  iron  has  been  treated  in  the  mills,  sometimes 

as  much  as  H3  cwts.  (and  in  one  case  40  cwts.)  having  apparently 

been  consumed  to  prodtice  a  ton  of  bars. 

With  a^gurd  to  the  subject  of  laV)oiir,  the  Iron  Age,  writing  in 
187H,  mentions  that  the  rates  of  wages  were  then  "on  a  starvation 
basis/*  although  in  a  ton  of  pig  iron  they  amount  to  1  Ms,  4d.  and  of 
bar  iron  to  r>9a.  8d.  ;  and  these  exc^c^ssive  prices  appear  in  the  list  to 
have  Ixven  only  one-hulf  what  they  were  in  some  of  the  previous  years. 
The  writer  goes  on  to  say  that,  unless,  in  America,  they  are  prepared 
to  see  their  working  men  reduced  to  a  level  scarcely  superior  to  that  of 
the  agricultural  liiljourer  in  England,  wages  must  be  increased.  The 
fact  however  is  that  the  wages  of  ironworkers  at  that  time  (1870)  were 
quite  as  high  or  higher  than  they  were  at  Middlesbrough,  when 
Mr*  Weeks,  the  present  editor  of  the  Iron  Affe,  visited  that  district  in 
1882.  The  results  of  his  enquiries  have  already  been  rcfcri'etl  to  in 
tfiase  pagesy  and  need  not  be  further  enlarged  upon.  One  remark  may 
Iiowever  be  permitted  in  reference  to  such  charges  for  labour  as  lOs.  4d. 
on  pig  iron  and  Tills.  8d.  on  bars  (1 2s,  5d.  and  GGs.  l»^d,  per  imperial 
ton),  namely  that  they  can  only  have  been  the  result  of  most  defective 
arrangements  in  tlie  plant  itself,  or  of  a  deficiency  in  the  amount  of 
work  performed  by  the  men,  such  as  did  not  entitle  them  to  higher 
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wag€8  than  those  of  the  most  niukilled  ''agricaltund  lal 
England  "  or  elsewhere.  It  is  only  due  to  the  iron  masters  i 
men  to  say  that  no  such  incapodiy  on  either  side  came  i 
notice  during  veiy  extensive  examinations  of  what  was  doin 
and  1876.  Passing  by  the  difficulty  of  reocmciliog  the  nc 
gnurding  against  foreign  importations  (already  bnrthened  w: 
freight)  by  a  protective  duty,  with  the  expectation  of  a  fnti 
trade,  which  in  its  turn  must  be  saddled  with  transport  c 
seems  to  me  that  so  long  as  the  Northern  States  are  depenc 
these  present  mining  resources  as  regards  ore,  it  is  futile  to 
any  ex{)ort  trade  from  that  division  of  the  Union.  On 
trary  the  iron  masters  of  the  North  must  prepare  themi 
importations,  not  from  Europe  but  from  a  qnarter  agaii 
the  present  legislative  constitution  of  the  States  will  affori 
tection. 

The  quarter  alluded  to  is  of  course  the  Southern  Stat 
trifling  extensions  of  the  present  railways  will  place  the 
Tennessee,  Alabama  .and  Georgia  in  direct  communication 
Tennessee  river.  I  understand  one  impediment  only  exii 
impedes  free  navigation.  This  removed,  the  Mississippi  and 
become  accessible  from  those  States  by  steam  navigation.  Th 
from  a  central  point,  say  Chattanooga,  to  Pittsburg  by  river  ii 
1,000  miles,  for  which  the  freight  will  probably  not  exceed 
Great  Britain.  In  these  Southern  Slates  coal  can  be  worked 
cheaply  as  at  Connellsville,  while  the  labour  on  the  whole 
entering  into  the  manufacture  of  a  ton  of  iron  is  not  more 
exi)ended  on  the  extraction  of  a  single  ton  of  ore  near  1! 
Besides  this  there  is  the  fact  that  the  bringing  of  the  mineral 
in  the  Northern  States  often  costs  30s.  to  40s.  per  ton  of  i 
With  these  elements  of  cost,  it  seems  impossible  to  deny  tl 
absence  of  fresh  ore  discoveries  in  the  North,  time  alone  i 
to  produce  a  considerable  change  in  the  seats  of  the  Ame 
trade. 

This  state  of  things  naturally  suggests  the  enquiry  as  to  i 
of  tiie  South  to  enter  the  markets  of  the  world  in  oompet 
Great  Britain.  It  cannot  be  disputed  that  up  to  this  tim 
has  never  been  produced  in  Alabama  or  in  its  vicinity,  wi 
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biilliDgs  per  ton,  of  the  price  at  which  it  can  be  modo  from  Cleveland 

onstone  in  England.     The  removal  of  difficulties  which  always  beset 

tie  introduction  of  new  industries  may  partly  eijUnlise  these  dilforenceg, 

but  by  that  time  laboar  probably  will  no  longer  be  to  be  had  in  tho 

juthem  Btates  upon  so  ranch  lower  terms  tlrnu  it  comuiautla  in  the 

lorth.     Be  this  however  as  it  may,  there  remains  the  insurmountable 

Bcnlty  of  the  cost  of  tiunsport  to  the  chief  iron-couBumiug  popula* 

DJis  in  the  world,  viz*  those  of  Europe.     The  nearest  point  of  th© 

mineral  field  cannot  \)e  short  of  150  miles  irom  the  sea- 

f •^♦Admitlmg  the  carriage  from  the  works  to  be  dune  for  ^d.  per 

ton  per  mile,  this  added  to  the  Atlantic  freight,  would,  probably  entail 

a  cost  of  20r.  per  ton  of  iron  delivered  on  the  shores  of  Great  Britain 

_or  of  Northern  Europe,  above  that  paid  by  oursehes  or  by  Germany. 

Phis  extra  charge  for  freight  no  donbt  which  would  be  reduced  when 

[^mpeting  with  ua  for  the  custom  of  the  Mediterranean  ports  or  those 

'  Asia,  liM^uth  Africa,  Australia,  &c. 

In  contemplating  the  future  of  such  a  trade  as  that  of  iron,  we 

atnrally  are  led  to  consider  tlie  possible  sources  of  further  economy^ 

Little  need  be  said  in  respect  to  improvements  in  ilie  process  itself; 

stiy  because  we  have  arrived  at  a  point  at  which  any  gRat  relief 

am  this  quarter  can  scarcely  be  hoped  for,  and  secondly  because,  were 

otherwise  these  same  improvements  would  speedily  be  everywhere 

Jopted. 

Accepting  Cleveland^  a^  has  already  been  done,  tis  a  standard  of 
jmparison,  the  expenses  of  manufacturing  pig  iron  included  about 
9d.  for  railway  chai'ges  and  3h.  9d.  fur  royalty  dues.    These  together 
lount  to  lis,  r>d„  or  nearly  33  per  oeufc,  of  its  entire  cost,  whereas  in 
be  Southern  States  these  two  items  are  not  half  the  sum  just  named. 
*n  the  English  railway  companies  abate  their  charges*  and  will  the 
aglish  landownci*ii  be  saLiafieti  with  more  moderate  royalties  ?    The 
St  of  tliese  probabilities  depends  on  the  ability  of  the  great  carryiug 
^iereste  in  England  to  afford  any  relief  in  the  direction  suggested; 
be  second  on  the  willingness  of  the  landowners  to  In?  content  with 
jwch  an  amuunt  as  will  enable  the  British  manufacturers,  in  umc  of 
1,  to  compete  with  foreign  nations. 

It  IB  almost  unnecessary  to  mention  that  the  observations  just 
le  in  reference  to  the  relative  positiun  uf  Great  Uritain  and  the 
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Soutl^ern  SUitcs  of  America  may  be  materinlly  altered,  not  tmmediaUlr. 
but  within  a  few  generations.  The  aipabihty  of  the  Durham  ooal-fieM 
to  fnrnish  cheap  fuel  to  the  ironworks  will  be  gi*udua]]j  curtailed;  mi 
as  this  takes  pliicc  coke  and  coal  will  h&ye  to  be  brought  from  git|^| 
distances.  At  present  the  States  in  question  maj  be  regarded  as  li^M 
ground^  in  iiv'hich  iron  ore  and  coal,  as  I  undei*stand,  exist  id  soffidH 
abundance  to  endni'c  long  after  the  north-eastern  coal-fields  of  Knglw(i 
ai'e  exhaoBted, 

The  question  which  has  just  been  raised  re6|iectiBg  the  Unifixl 
States  brings  us  as  a  natural  consequence  to  consider  the  prospecU  of 
the  three  European  nations  more  prominently  referred  to  in  tiiese  pAgn^ 
as  regards  conii>etition  with  us  in  the  export;ition  of  iron  and  stccL 

The  quiiiter,  indeed  it  may  he  said  the  only  quai'ter,  from  whldi 
Great  Britain  is  threatened,  at  present  at  all  eTcnts,  with  sua}c»ful 
competition  is  from  those  districts  which  are  either  situate  njx>n  or  hiv 
within  easy  reach  of  the  ^Teat  iron  ore  deposit  stuetcbin^  from  Western 
Germany  through  Luxemburg  into  Eastern  France.  From  surue 
cause  or  another,  there  Bccms  occasionally  a  greater  diliicnlty  in 
producing  foundry  iron  from  tliis  variety  of  mineral  than  obtaitis  m 
the  use  of  the  Cleveland  ironBtouu.  It  is  however  in  the  subsequitat 
products  of  malleable  iron  and  steel  that  we  liave  moet  to  fear  the 
rivalry  of  our  coiitiuental  neighbours,  mther  than  in  pijyr  iron.  Tlie 
reason  of  this  is  that  labour  l>eiug  clieaper  with  them  thuji  it  is  wiUi 
ourselves,  it  is  only  when  wages  enter  moi'e  largely  into  the  cost  of  U»e 
pmduct  than  they  do  in  the  case  of  pi'g  ircm,  that  the  c^Qtinent«l 
atl vantages  from  this  source  operate  seriously  to  the  prejudice  of  the 
British  manufacturers.  At  the  same  time,  cheap  pig  iron  is  an  ail- 
important  factor  in  the  economical  production  of  iron  and  steel,  and 
so  far  as  the  raw  materials  for  the  blast  furnaces  are  concerned,  it 
would  api^vear,  from  n  hat  has  been  stiid  a  few  jmges  back,  that  WesUru 
Germany,  Luxemburg  and  Eastern  Franco  enjoy  facilities,  in  sonif 
cases^  even  superif>r  to  thf>se  possessed  by  the  ilistriti  in  England  moat 
favourably  situated  for  exportation.  Belgium  «>n  the  other  handt 
having  to  bring  its  ore  from  Luxemburg  at  a  cost  of  4s,  8d-  per  im 
for  carriage,  although  it  has  coal  on  the  spot,  is  unable  to  obtain  iht 
raw  materials  for  its  pig  iron  quite  as  cheaply  as  they  are  delivered  ta 
the  Cleveland  fm-uaces. 
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I  Immediately  after  oompletiog  my  work  at  the  Freni^h  Exhibitian 
n  lft78*  I  visited  the  districte  from  which  j^rders  and  other  forms  of 
kalleable  iron»  ineludjiig  considerable  quantities  of  mm  rods,  were 
fceing  sent  to  London.  TbiR  was  at  a  time  when  tlie  iron  trade  was 
kf  no  means  in  a  flourishing  condition,  either  there  or  w^ith  onraelves, 
Wig  inm  No.  M  averaged  at  Middlesbrongb  388,  2d.,  and  forge  iron 
fcirobably  abimt  37s. 

I  Girders  were  quoted  at  one  work  in  the  West  of  Germany  at  £6 
pp  to  8  inches  in  depth  and  £7  lOe,  above  this  size.  Tliis  establish- 
kentp  although  it  had  to  brinj^  the  Lnxembur;^:  ore  from  a  considerable 
Histance,  was  able  to  produce  the  pig  iixin  used  in  the  mills  upon  terms 
knitc  88  low  as  that  named  as  the  selling  price  at  Middlesbrouj^h. 
r/  '  nii:  to  the  costs  rumiehed  to  me,  the  price  of  £0  for  girders  lelt, 
k'  ii«g  the  state  of  the  tmde  at  the  time,  a  fair  and  reasonable 

■profit.  Tlie  cost  of  conveying  these  girders  to  London  was  1  Is*  lOjd. 
mo  Antweq)  plus  4s.  r,Jd.  from  Antwerp  to  London,  or  together  Ifis.  7d. 
per  ton.  The  freight  from  Middlesbrough  to  London  may  be  taken 
kt  58* i'  so  that  with  the  chea|)er  wages  in  the  mill  and  a  trifling^ 
■acrifif^  of  the  profit,  there  is  no  donbt  the  Gennan  manufacturer  is 
kuite  able  to  compete  with  anyone  in  Middlesbrough  in  the  article  in 
Buestiau.  There  ai*e  however  mills  in  Wt'stern  Genua ny  at  which  pig 
ptm  can  be  made  on  more  advantageons  terms  than  at  the  work  just 
peferred  to,  ivnd  where  jrirders  will  coat  a  propoitinnately  lower  price, 
prhile  tlie  carriage  to  London  is  no  higher.  From  such  establishracnta 
pire  rods  of  excellent  quality  were  being  delivered  in  London  at  £7  r>8. 
^r  ton,  a  price  at  which  one  of  oar  makers,  using  however  a  superior 
pluBS  of  pig  irun,  informed  me  at  the  time  he  could  not  compete. 
I  Belgium  undoubtedly  is  not  so  well  situated  as  the  last  mentioned 
p-arkSt  having,  as  was  just  mentioned,  to  bring  its  oi-e  fn>m  Luxemburg 
pt  a  cost  of  4s,  to  4s.  6d.  per  ton  for  carriage.  Pig  iron  can  however 
%L*  produced  in  Belgium  Jbr  miUcing  girders  as  cheaply  as  at  the  work 

IB  West  Gennany  first  sjKykcn  of,  and  it  enjoys  an  advantage  over 
ftoth  in  a  cheaf>er  cost  of  transport  to  London,  viz.  Ks,  id.  instead 
Irf  IfJfi.  74 

I  As  an  element  of  cheap  pi-oduction  in  Uie  works  just  referred  to  bb 
pngnged  in  the  mannfactui'c  of  girders  (and  also  of  iron  sleepers)^  may 

oe  mentioned  the  saitability  of  their  pig  iron  for  the  purposes  in 
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qnestioTi.  The  puddled  iron  it  affords  is  somewhat  c»ld-sLart  in  iU 
cliaracter,  wliich  enables  the  manufactarerB  to  use  a  smaller  quantity 
of  roaghed-dDwn  iron  than  would,  I  thinks  l>e  found  practicable  ia 
England.  Tliia  however,  in  our  present  state  of  knowledge,  is  i 
matter  within  the  power  of  the  English  sraelteni  and  mill  owner.  Pig 
iron  fur  Bessemer  purposes  can  be  made  at  the  will  of  the  smelter, 
and,  what  is  more  germane  to  the  present  argument,  pig  11*00  is  being 
produced  of  the  exact  composition,  as  regards  silicon  and  phosplioros, 
which  will  meet  the  i-equirementg  of  the  basic  steel  maker. 

What  has  been  advanced  in  regard  to  certain  foiins  of  malleable 
iron  is  no  doubt  equally  applicable  to  the  subject  generally.  An  exoep* 
tion  however  must  be  wade  tu  the  manufacture  of  H  -^teel  by 

the  old,  or  the  so-called  acid  process.     This  arises,  as  i  hJj  been 

ejcplained,  from  the  greater  or  less  dependence  of  England  and  tbe 
continent  of  Europe  on  the  mines  of  Bilbao  for  the  ore  i*equiredio 
this  process.  So  lung  as  the  necessary  supplies  of  this  mineral  arc 
brought  to  a  seaport,  so  long  will  furnaces  situate  like  those  m 
the  Tjne  or  Tees  or  indeed  in  South  Wales,  enjoy  an  advantage  over 
llelgium  and  Westphalia.  On  ruferriug  kick  to  the  comparative  costo 
of  pig  iruu  made  frum  Bllbau  ore,  the  cost  taken  at  ISs,  delivered 
ship^  the  figures,  taking  Cleveland  No.  3  as  unity,  stood  thus : — 


TheTyne 

Tees 

South  Wales 
Belgium 
Westphalia    ■ 


120 
123 

125 
140 
140 


The  entire  piisitioTi  however  is  altered  by  the  adaption  of  the  basic 
process,  in  which  we  start  with  a  quality  of  pig  iron  not  much  if  any 
dearer  tlian  forge  iron. 

The  figures  representing  the  relative  coste  of  the  materials  for 
forge  irou  were  as  IbDows : — 

Tees       ... 100 

Western  Germany        75 

llsede    81 

Belgium          I02 

Westphalia 103 

The  result  of  t\ie  d\i&ci^^«^  of  the  basic  prooesB  is,  that  jjlaccs  1 


SBCrnON  XVIII. — CHIEF  IRON-PRODUCING  COUNTRIES  COMPARED.    705 

Western  Germany  and  Ilsede — without  any  ores  suitable  for  the  acid 
process  and  so  far  distant  from  a  seaport  that  the  carriage  of  the  ore 
from  the  ship  would  forbid  its  use — are  no  longer  shut  out  from  the 
manufacture  of  steel. 

If,  as  it  has  been  pretended,  the  cost  of  "  basic  material"  for  pig  iron 
in  extra  waste  and  additional  labour,  is  covered  by  10s.  per  ton  of  steel 
or  even  per  ton  of  pig  iron  used,  and  adding  lis.  in  the  cajse  of  Western 
Germany  and  Ilsede  for  dues  to  a  seaport,  4s.  in  that  of  Belgium  and 
6s.  of  Westphalia,  the  figures  will  be  approximately  thus  altered : — 

Tees      lOO 

Western  Germany        118 

Ilsede    114 

Belgium         114 

Westphalia 121 

Great  Britain  therefore,  although  it  still  possesses  some  advantage  over 
other  European  nations,  in  this  new  process  in  relation  to  its  export 
trade,  has  had  this  advantage  materially  lessened  by  the  introduction  of 
the  basic  process.  So  much  so  indeed  that  it  is,  in  some  instances, 
questionable  whether  the  cheaper  labour  in  the  steel  processes  them- 
selves, may  not  place  the  two  in  a  position  of  equality,  when  they  meet 
each  other  in  nedtral  markets.  Such  certainly  appears  to  have  been 
the  case  even  when  the  higher  price  of  the  pig  iron  required  in  the 
acid  process  was  included ;  for  certain  it  is  that  as  r^ards  the  dearer 
kinds  of  steel,  such  as  that  for  springs,  railway  axles,  &c.,  Belgium  and 
Westphalia  have  been  sending  considerable  quantities  for  the  use  of 
English  railways. 

The  figures  given,  which  I  believe  will  be  found  fairly  correct,  go 
to  prove  that  the  abrogation  of  all  import  duties  in  Belgium  or  (Jermany 
would  not  place  Great  Britain  in  a  better  position,  as  regards  the 
manufacture  of  forge  iron,  than  that  occupied  by  the  makers,  even 
in  the  least  favoured  of  the  districts  just  named.  The  force  of  this 
observation  is  still  stronger  when  applied  to  iron  in  the  more  advanced 
stages  of  malleable  iron  and  of  steel. 

The  stretch  of  country  between  Luxemburg  and  Nancy  would  be 
somewhat  less  favourably  placed  for  the  manufacture  of  steel  rails  than 
t^ose  localities  above  described,  because  of  the  greater  distances  from 
the  ooal ;  but  any  importations  required  for  Eastern  France  would. 
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under  the  conditions  of  the  cost  of  manufacture  in  Westei 
be  obtained  from  works  there  which  are  much  nearer 
consumption  than  those  of  Great  Britain. 

As  regards  Central  and  Southern  France,  their  geograp] 
and  the  price  of  fuel  forbid  the  cultivation  of  a  large  forei 
have  been  informed,  that  it  has  been  in  contemplation  t< 
of  the  rail  mills  in  the  neighbourhood  of  St.  Etienne  to 
order  to  render  the  Bilbao  ore  available  for  export  orders 
case  the  coal  would  have  to  be  conveyed  over  a  considera 
but  whether,  looking  at  the  resources  of  Bilbao  in  respect  U 
placed  under  very  heavy  contributions,  and  also  at  the  ex 
such  a  course  would  be  a  prudent  one,  may  be  open  to  qu( 

Since  writing  what  has  appeared  in  the  present  v 
construction  of  iron  vessels,  I  have  received  particular 
lishment  in  Norway,   where  something  like  800  men 
in  building  steamers  of  iron.    These  are  so  instructive 
it  desirable  to  quote  them  upon  the  present  occasion  t( 
the  opinions  of  Mr.  Eaylton  Dixon  the  well-known  st 
Middlesbrough. 

On  comparing  the  wages  paid  at  the  yard  in  questio 
estimates  that  upon  a  vessel  of  a  given  size  the  labour  wil 
cent,  less  than  that  expended  on  a  similar  vessel  built 
From  the  advantage  accruing  from  this  source  must  be  c 
freight  on  the  materials  used  in  its  construction,  which  a 
time,  with  the  exception  of  timber,  may  be  said  to  be 
England. 

The  net  result  of  these  two  factors  on  the  cost  is  sue 
vessel  of  1,500  tons  dead-weight  capacity,  the  Norwegiar 
turn  out  his  work  for  £525  less  than  his  English  compe 
to  do  it. 

We  still  however,  in  the  competition  which  may  a: 
English  and  Norwegian  shipbuilders,  enjoy  the  privilege  < 
the  iron  and  coal.  As  soon  however  as  the  German  mil 
upon  the  footing  of  those  in  our  country  which  are  laid  oi 
large  quantities  of  ship-plates,  we  shall,  I  fear,  behold  tl 
away  from  us,  unless  our  plate-rollers,  etc.,  are  willin 
something  approaching  to  the  same  prices  as  those  paid 
and  elsewhere. 
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I  have  been  at  eorae  trouble  in  collecting  and  arranging  the  data 

eaaarf  for  comparing  the  position  of  the  chief  iron-prodncing  eoun- 

Hes  in  the  world;  being  impressed  with  its  importance  to  those  who 

)  deeply  interested  in  the  irc^n  trade  of  the  United  Kingdom,     The 

pUowing  figures  will  give  an  idea  of  the  relative  extent  of  onr  home 

ad  foreign  transactions  in  the  metal. 

In  the  year  1882  the  quantity  uf  pig  iron  amelted  in  the  United 

Eingdom  was  8,403,287  tons.    At  the  same  time  the  following  qnan- 

Ities  of  iron  of  diflicrent  kinds  were  expoi*ted,  and  to  these  I  have 

ppended  the   approximate  weight  of  pig  iron  consumed  in  their 

annfactare : — * 


Exported. 

EqtilvAleiit 

K^iron.,. 

1,758,152 

1,758,153 

Old  iron  far  re-maniifactare 

131,393    \ 

Bar,  angle,  bolt  and  rod  iron 

313.645 

Railroad  iron  of  varioug  sorts ... 

... 

933,123 

Wire       '. 

86,Gm 

Hoops,  ftUeeta  and  boiler  pl&ten 

343,287 

3,240,181 

Tin  plates           ,..         , 

265,021 

Iron,  CB*t  or  wrought  and  manufactures 

32I>.3^ 

Steel  unwTonglit 

171,653 

Matitifac tores  of  steti  or  sUh?!  and 

iroo 

17,5>38  ^ 

4,360,297 

4.998,333 

tins  it  would  appear  that  in  one  form  or  another  close  on  59  \)Qt  cent. 
of  all  the  pig  iron  prodnucd  in  Great  Britain  hm  been  sent  out  of  the 
auntry.  During  the  same  year  there  was  imported  of  different  kinds 
!12,67G  tons,  eqna]  rouglilj  in  the  form  of  pii^  to  SnO,TS45  tons. 

If  we  ainsult  the  list  of  our  exports  of  iron  of  all  kinds,  over  the  last 
years,  there  has  been,  between  the  first  and  last  years  of  the  period, 
\  considerable  eipaugion  of  our  foreign  trade  ;  but  it  has  to  be  remarked 
until  1880  there  was  no  increase  but  the  reverse.     The  last  three 
ars  exliibit  a  marked  improvement,  chiefly  I  apprehend  due  to  a 
demand  for  iron  in  America  and  elsewhere.     Besides  the 


OTupHed  from  Bnard  of  Trade  RejK>rt«  bj  E.  Sclimitv  A.  Co, 
\  AAMJciatior,  1883,  p.  13^, 


Report  of  Iron 


708    BKCnOK  XVm.— CHIEF  lRON-l*BODtrClKa  00t7irrKIB« 

weight  of  iron  exported  the  imports  of  the  bar  iron  and 
of  mannfactured  iron  and  steel  are  given.  The  actual 
as  follows : — 

IXPOKTS. 


JSXl 

•OKTB. 

Bar  Iron. 

ixonaiKiBMfll 
Mannfactored. 

1873      ... 

...    2,957313    . 

..       74,666 

80,767 

1874      ... 

...    2.487,622 

..      73,469 

52,700 

1875      ... 

...    2,457,306     . 

..       34,228 

58.002 

1876      ... 

...     2,224,470    .. 

.      37,068 

69,310 

1877      ... 

...     2.346.370     .. 

42,254 

83,981 

1878      ... 

...    2,296.860     .. 

.     102,742 

105,719 

1879      ... 

...     2,883,484     .. 

95,458 

112,335 

1880      ... 

...    3,792,993     . 

..     120,114 

155,293 

1881      ... 

...    8,820,225     .. 

.    111,700 

175,648 

1882      ... 

...    4,350,297     .. 

.     139,652 

173,027 

It  may  be  urged  that  the  actual  quantity  of  iron  brouj 
country  is  insignificant ;  but  the  steady  increase  is  not  t 
and  I  would  observe  that  the  motive  formerly  mentionec 
the  export  of  steel  rails  does  not  apply  here.  In  transac 
latter  description,  the  object  in  view  was  the  maintena 
foreign  establishments  at  full  work;  in  these  now  under  c 
the  individual  ordera  are  small,  and  cannot,  I  apprehend, 
otherwise  than  as  an  indication  of  the  ability  of  the  expor 
to  compete  with  British  manufacturers  on  their  own  gn 
further  worthy  of  notice  that  the  increased  facilities  in  eco 
duction  oflfered  by  the  basic  process,  as  already  describes 
yet  have  had  time  greatly  to  affect  the  subject  before  ns. 

Should  the  views  I  have  laid  down  be  correct  we  nata 
the  future  'for  any  possible  change  in  circumstances  c 
operate  in  our  figivour. 

I  attach  little,  indeed  no  importance  to  any  improven 
processes  connected  with  the  manufacture  itself ;  if  for  no 
than  that  of  their  immediate  adoption  by  competing  nc 
further  I  am  not  very  sanguine  of  the  possibility  of  the  i 
being  able  greatly  to  reduce,  by  further  change,  the  cost  of 
In  the  blast  furnaces  not  only  is  there  practically  no  waste 
tained  in  the  ote^  but  scientific  oondderationa  aeem  to 
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inference  that  if  any  economy  of  fuel  i»  possible,  ifca  extent  is  so  small  as 

cely  to  be  worth  consideration.     I  do  not  say  that  in  the  malleable 

works  some  amelioration  is  not  possible,  but  the  uncertainty  of  the 

ture  of  this  branch  of  the  trade  is  so  great,  as  to  offer  little  indtice- 

tient  to  a  manufacturer  to  incur  the  necessary  outlay  and  risk  connected 

ith  mechanical  [<uddHug  and  other  cognate  improvemcDts.    When  we 

me  to  Bessemer  steel,  the  labour  and  expenses  connected  with  the 

of  coiiTersion  have  been  brought  down  to  a  point  which  leaves 

t  little  margin  for  any  further  economy.     In  the  rail  mill,  such 

tias  been  the  perfection  to   which  the  rolling  machinery  has  been 

light  that  the  work  in  connection  with  this  department  can  be  done 

for  less  than  Is.  per  ton.     In  waste  of  metal  and  in  fuel  some  small 

improvement  is  not  impossible,  but  they  cannot,  I  think,  lessen  very 

Smatenally  the  cost  of  prodoction. 
I  In  connection  with  the  question  before  us  I  cannot  refrain  from 
■ailing  the  very  serious  attention  of  our  workmen  to  their  position 
m  oonnection  with  an  industry,  in  the  welfai'e  of  which  they  and 
their  employers  have  a  common  interest.  Free  Trade  has  placed 
bithin  their  reach  the  necessaries  of  life  uptjn  terms  practically  as 
iBVourable  as  those  enjoyed  by  any  European  natioa.  An  exception 
I  in  their  favour,  by  imposing  a  duty  on  iron  so  as  to  shut  out  foreign 
^HDmpetition  from  our  own  shores,  cannot,  as  they  know  quite  well^  be 
^Entertained.  Besides,  were  the  idea  of  a  return  to  protective  meiisures 
to  extend  itself  beyond  the  very  limited  circle  of  the  so-calkd  fair 
iers,  where  is  the  promised  relief  to  come  from  ?  Not  certainly  in 
e  inevitable  consequence  of  an  increased  price  of  the  provisions  con- 
med  by  the  working  classes  of  this  country.  The  iron  trade  of  the 
nited  Kingdom  is  greatly  dependent  on  its  exports*  amounting  as  we 
ve  seen  to  close  on  60  per  cent,  of  its  entire  production,  and  no 
meatic  legislation  worthy  of  the  name  has,  so  far  as  1  know,  been 
ggcfited  which  can  improve  our  position  in  the  development  of  its 
oommeroG. 
No  one  who,  like  myself,  has  had  nearly  five  and  forty  years  ex- 

Rerience  with  the  workmen  in  the  iron  trade  of  this  country,  can  fail 
>  have  noticed  in  later  years  an  immense  improvement  in  their  aipacity 
)  appreciate  the  fundamental  truths  connected  with  political  economy 
tich  regulate  the  affairs  of  their  calling.    The  boards  of  conciliation 
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and  arbitration  have  afibrded  an  opportunity  to  both  employers  mi 
men,  of  attaining  a  better  undei'staDding  uf  the  difficnlties  common  to 
the  situation  of  both;  but  I  cannot  help  feeling,  and  therefore  expreaiiiig 
my  opinion,  that  upon  some  oc^casions  the  immediate  future  is  too  ex- 
clusively regarded  in  the  settlement  of  ciuestians  of  difference  nhicL 
arise  between  the  two  parties. 

The  difficulties  in  question  are  of  most  frequent  occurrence  whea 
the  state  of  the  iron  trade  compels  the  iron  masters  to  seek  fur  assijt- 
ance  from  their  men,  in  order  to  keep  the  works  employed  at  the  low 
prices  which  prevaO  at  the  time.  At  all  events  it  is  upon  such  ooca- 
fiiona  that  the  future  of  our  iron  indogtry  is  most  threatene<l  by  foreign 
competition.  The  question  in  dispute  is  then  usually  referred  to 
arbitration ;  but  upon  these  occasions,  I  have  never  yet  heard  an; 
emphafiis  laid  upon  the  effect  foreign  labour  has  upon  the  iron  indofidj 
of  this  country.  The  loss  and  fimmcial  inconvenience  incurred  by  % 
stoppage  of  work,  i"ender  it  difficult,  often  indeed  impossible,  for  the  eio- 
ployer  to  risk  having  I'ecourse  to  so  extreme  a  measure,  while  the  men 
are  naturally  anxious  to  secure  the  best  terms  they  can  for  themselvee. 
Both  sides,  in  pmint  of  fact,  behave  in  the  struggle  as  if  its  adjustment 
were  to  be  aiTived  at,  not  upon  the  actual  exigencies  of  the  case,  but 
upon  what  may  be  termed  a  question  of  immediate  eipediency.  If 
circumstances  are  of  a  character  which  leave  the  foreign  maker  aprofit, 
when  none  falls  to  the  share  of  the  English  makers,  our  trade  muat 
ahriiik  in  its  dimenaious,  while  that  of  other  nations  ^ilj  expand.  Bj 
a  successful  resistance  to  the  demands  of  the  employers  the  men  bo 
doubt  reap  a  present  gain ;  but  what  follows  on  a  state  of  things,  tto 
effect  of  which  must  necessarily  be  a  reduced  demand  for  their  labour? 
The  answer  is  found  in  the  diwtress  which  to-day  has  overt;iken  many 
deserving  men,  who  am  dependent  upon  making  or  w^orking  iron  for 
their  livelihood.  In  this  connection,  the  importance  cannot  be 
aggerated  of  the  wH>rkuieu  Ijcing  disposed  to  lend  loyal  and  ready  help 
in  promoting  the  adoption  of  every  contrivance  having  for  its  object 
the  reduction  of  the  cost  of  production. 

On  the  other  hand  it  is  only  reasonable  and  just  that  in  times  ol 
prosperity  the  men  should  irartiei|3ate  iu  the  advantages  offered, 
they  have  been  called  upon  U>  bear  their  share  of  the  privatic 
entailed  upon  the  trade  in  periods  of  adversity.    That  the  empM 
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it  to  this  ricw  of  their  relations  with  their  workmen  may  be 

auraed  by  thoh*  ready  adoption  of  a  sliding  scale  for  the  regnlation  of 

,     Bj  this  system  an  increase  in  the  ratt-s  paid  follows  an  in- 

in  the  value  of  the  commodifcy  they  mannfactare  and  t^ice  versa, 

will  be  generally  admitted  thafc  labour  for  some  time  i>ast  has  been 

ttorc  highly  paid  in  comparison  with  the  value  of  iran  than  it  was  in 

inner  years,  and  this  without  the  iron  masters  having,  up  to  a  certain 

Dint,  greatly  suffered  by  the  change.    Thia  ability  to  pay,  without 

to  themselves,  higher  rates  is  due   to   the  gix?at  improveraentfi 

&h  have  been  introduced  into  the  various  departments  of  the 

ocess  within  the  last  twenty  years,  by  means  of  which  the  cost  of 

iuction  has  been  much  reduced  to  the  great  advantage  of  masters 

men. 

With  regard  to  the  present  prospects  of  the  iron  trade,  in  a  cosmo- 
pohtan  point  of  view,  it  is  difficult  if  not  impossible  to  speak  with  any 
iegree  of  certainty.  The  commerce  of  the  world  is  dependent  on  such 
,  vast  variety  of  circtumstaiiees  that  it  is  impossible  to  predict  what 
may  be  its  fate  even  in  the  immediate  future,  A  season  of  general 
^^rosperity  restores  commercial  confidLuee;  new  public  works  such  as 
^Kiilways  Ac,  are  undertaken,  activity  once  more  prevails  in  our  mines 
^Kpd  forges  and  prices  rise,  often  more  in  consequence  of  an  anticipated 
^Bbarcity  tlian  from  an  actual  difficulty  on  the  part  of  the  ironworks  in 
^^feeeting  the  demands  made  on  their  resources. 

This  difficulty  in  most  cases  does  not  arise  from  there  being  any 

fit  of  the  appliances  for  the  manufacture  of  iron.     In  illustration  of 

ilia,  we  may  quote  the  operations  of  1870  as  an  example.     In  that 

ar  there  arose  a  sudden  demand  for  iron  in  the  United  States.     On 

list  December  there  were  388  fnrnacea  in  blast,  instead  of  265  as  at 

be  dose  of  the  previous  year.    The  quantity  of  pig  iron  produced 

(torn  2,577.301  net  tons  in  1878  to  3,070,875  tons  in  1879.     In 

JditioQ  to  this  the  stocks  of  pig  iron  in  America  fell  from  574,505 

&ns  to  141,074  tons  in  the  latter  year.    Such  however  was  the  demand 

[>r  iron  that  the  imports  of  various  kinds  of  the  metal  increased  from 

^3*^434  net  tons  in  1878  to  802,382  tons  in  1879.     Notwithstanding 

all  this  activity,  out  of  the  097  furnaces  in  existence  at  the  time  309 

arnaces  or  44  \m'  cent,  were  out  of  blast* 
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At  the  end  of  1882  the  fdmaces  built  in  Great  Brita 
number,  of  which  only  565  were  in  blast.  In  the  Unitec 
697  furnaces  417  were  blowing.  Thus  taking  the  Uni 
Great  Britain  alone,  40  per  cent,  of  the  furnaces  in  existe 

With  a  dormant  power  like  this  at  our  backs,  anj  g 
ment  in  the  price  of  iron  must  be  the  result  of  an  inabili 
once  the  necessary  amount  of  labour  to  its  production,  i 
want  of  the  necessary  plant  for  its  manufacture. 

'Fhe  present  position  of  the  steel  rail  trade  is  one  of  e 
and  seems  to  have  been  brought  about  by  a  combinati< 
stances.  When  the  Bessemer  process  was  first  introdi 
steel  made  by  its  means  was,  to  a  considerable  extent,  coi 
poses  for  which  a  higher  price  could  be  afforded  than  c 
for  rails,  Sheffield,  the  old  and  chief  seat  of  the  steel 
sufficiently  appropriate  locality  for  this  new  industry.  A 
to  their  greater  price,  rails  of  steel  were  sparingly  use 
excellence  and  reduced  cost  of  manufacture  extended  thei 
The  pig  iron  used  in  the  process  was,  at  that  time,  almc 
the  produce  of  the  Cumberland  and  Lancashire  mines 
melting  the  pig  iron  for  the  converters  was  deemed  ind 
success,  Sheffield  was  perhaps  as  convenient  a  centre  for  i 
United  Kingdom  as  any  other  locality.  When  howeve 
covered  that  the  iron  could  be  run  direct  from  the  blast 
was  an  evident  advantage  in  placing  the  steel  works  when 
was  made.  This  led  to  the  establishment  of  rail  mills  ir 
tricts  near  the  coast,  which  were  thus  also  more  favour 
than  Sheffield  for  sending  off  the  manufactured  article  by 
meantime  Germany  and  France,  favoured  by  cheaper  1 
much  higher  import  duty  levied  on  steel  rails  than  on  pi] 
to  erect  converters  and  to  roll  steel  rails  in  mills  hith( 
roUmg  those  of  iron,  although  they  had  to  contend  wit 
considerable  quantity  of  ore  from  foreign  countries. 
France  also  devoted  attention  to  this  new  process,  altl 
latter  case  expensive  ore  had  to  be  brought  from  Afria 
inland  for  considerable  distances.    The  cheaply  wroughl 

'  It  by  no  means  f oUows  that  the  proportion  of  furnaces  out  of 
corresponding  deficiency  of  make,  arising  from  thmr  being  idle;  bee 
certain  that  those  not  at  work  are  below  the  average  capacity  o^  the 
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JUbao  haa  in  its  turn  greatly  asBisted  in  the  dovelopment  of  the  pro- 
action  of  steel  rails,  which  iii  later  years  has  receired  a  further 
apettiB  by  the  oourae  of  events  in  South  Wales. 

As  18  well  known,  Glamorgansliire  and  Monmouthshire  were  the 

lief  seats  of  the  iron  rail  trade,    Labour,  almost  as  cheap  as  in  any 

i  on  the  Continent,  and  cheap  fuel  hiid  enabled  the  manufacturers 

to  produce  rails  probably  more  economicaUy  than  was  done  in 

ay  other  district  in  the  world,  although  two-thirdB  of  the  pig  iron  used 

\  obtained  from  imported  ore  j  for  the  produce  of  the  Welsh  mines 

not  only  expenslTe  to  get  but  wa3  deficient  in  quantity.    The 

iual  extinction  of  the  iron  rail  trade  compelled  the  Welfih  iron 

Kters  to  geek  for  other  employment  for  their  establishments.    Steel 

I  offered  a  means  of  escape  from  what  would  have  been  all  but  an 

itire  sacrifice  of  the  capital  invested  in  the  works  of  South  Wales, 

to  this  escape  the  rapid  development  of  the  Bilbao  muies  has 

Forded  most  valuable  aid.     In  the  meantime  the  Basic  process,  as  we 

ave  already  seen,  relieved  the  German  steel  manufacturers  from  the 

irantages  of  their  position — not  only  bo,  but  two  large  establish- 

Butfi  have  been  erected,  one  at  Hayanj^c  in  Lorraine  and  the  other  on 

ench  territory,  the  former  by  Messrs.  De  Wendel  and  the  other  by 

\  combined  efforts  of  Messrs.  De  Wendel  and  M.  Hem*i  Schneider,  to 

Bpply  raUs  from  the  phosphoric  ore  already  frequently  mentioned  in 

[lese  pages. 

Thus  in  the  last  few  years  a  great  extension  in  the  steel  rail  making 
powers  has  taken  place  in  Europe,  not  always  with  reference  to  any  ex- 
tended demand  l>>u  their  produce,  but  because  certain  changes,  such  as 
those  just  mentitmcd,  prompted  the  erection  of  additional  converters 
and  mills.  Besides  these  additions  in  Europe  a  similar  line  of  condnct 
has  been  porsued  in  the  United  States,  which  now  in  the  production  of 
Bteel  rails  stands  at  the  head  of  the  list. 

According  to  a  statement  prepared  for  me  by  Mr,  Jeans,  the  follow- 
ing quantities  were  made  in  1883 : — 


VmtcHl  states 

Uiiitetl  Kiugtioiji 

Genu  Jiny 

Friiiicu 

KussiA 

Bfilg'inm 

Austria  Mid  Hungarj 


1.213.925 

1,097.174 
505,Ui3 
381.178 
230,000 

i3a,o<x) 


TT 
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Mention  hm  already  been  made  of  the  importation  of 
Great  Britain,  chiefly  from  Germany.  Since  frriUng  what  wu 
the  gnbject,  my  attention  has  been  called  by  an  article  in  the  J?rtifikl 
Trade  Jmtmal  to  the  coniinued  imx>ortation  of  eteel  tium*raik  fcr 
EngliBh  use.  In  this  kst  cafie  the  rails^ — a  henTy  section — inn 
delivered  at  Birmingham — the  very  centre  of  England — at  10s,  per 
ton  cheaper  than  the  lowest  quotation  from  the  Britiah  makers.  Th« 
Editor  explains  the  transaction  by  the  wages  in  Germany  being  cheapir 
than  in  England.  There  is  expended  on  the  article  in  qnestion  modi 
more  labour  than  on  an  ordinary  railway  bar,  so  that  I  am  quite  pre- 
pared to  believe  that  the  ability  of  the  German  manufacturer  to  nndtf- 
eell  his  English  rival  is  dependent  on  the  cause  assigned  in  the  BrUUk 
Trade  Jouriml  Thifi  view  of  the  case  indeed  only  ooufirma  what  bfli 
already  been  advanced  on  the  subject  in  tbeae  pages,  and  must  be  pd* 
garded  as  an  indication  of  what  must  be  the  conduct  of  all  intereebed 
in  the  iron  trade  of  this  country,  viz.,  that  we  must  be  prepared  t» 
accept  foreign  competition  as  an  important  &ctor  in  the  iron  trade  of 
the  world. 

There  is  one  matter  in  connection  with  the  future  requirements  for 
steel  rails  which  deserves  consideration,  viz.,  the  manner  in  which  tbeir 
substitution  for  iron  rails  for  the  maiutenance  of  the  permanent  way 
will  ultimately  affect  the  demand  and  consequently  the  price. 

The  rail  trade,  even  when  iron  was  the  material  employed,  occupied 
a  aomewbat  unique  position  when  comparing  the  powers  of  prodoctioa 
with  the  sources  of  consumption.  Previous  to  the  introdnction  of 
railways,  iron  once  applied  to  the  constr action  of  gas  and  water  pm^ 
of  steam  engines,  or  to  the  various  minor  offices  to  which  its  propd^^| 
suited  it,  remained,  generally  speaking,  undisturbed  f(ir  many  yctin 
The  excessive  wear  to  which  rails  were  exposed,  in  c^ses  of  large  traffic^ 
speedily  rendered  them  unfit  for  service,  for  in  many  parts  of  the 
North-Eastern  system  the  average  bTe  of  iron  rails  is  about  seven  yaii 
while  those  of  steel  are  expected  to  last  double  the  time.  Let  ai 
assume  ten  and  twenty  years  to  represent  the  average  duration  of  all 
the  iron  and  steel  rails  in  the  world.  According  to  the  returns  pd>- 
lished  by  the  Iron  Trade  Association  at  the  end  of  1882  the  total 
length  of  railways  amounted  to  247*529  miles.  If  to  cover  sidings  aod 
double  road  we  assume  325,000  miles  to  represent  the  extent  in  single 
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»y,  there  will  be  nearly  thirty-five  million  tons  of  raik  in  use  at  the 
But  time.     If  this  were  all  iron,  with  a  life  of  ten  yeai-s,  8,500,000 
Dna  of  rails  per  annum  wooitl  be  needed  for  relaying,  while  in  steel 
Jy  half  the  quantity  or  I  J&0,000  tuns  wonld  be  required. 

The  construction  of  railways  at  first  was  so  gradual  and  so  oon- 
auoae  that  this  chanj^^e  in  the  Bupply  of  old  inateriah  out  of  which 
BW  had  to  be  manufactuitid,  wan  not  seriously  felt.    At  the  present 
^y  the  cost  of  steel  rails  has  been  reduced  below  that  at  which  iron 
lis  can  Ije  made,  so  that  all  the  renewals  now  made  are  of  the  former 
material .     So  long  therefore  as  railway  companies  were  taking  oat  iron 
ttd  replacing  it  with  steel  the  lai-ger  annual  demand  represented  by 
tie  Hfe  of  iron  rails  would  be  required.     Wlien  however  all  the  lines 
the  world  are  laid  with  steel,  instead  of  3^  milHon  tons  being 
anally  requitxjd  for  repairs  1  j  milhon  tons  only  will  be  needed. 
If  Mr.  Jeans'  figures  of  the  w^eight  of  steel  rails  actually  roUed  in 
are  correct  we  are  within  the  mark  in  setting  down  the  present 
Ding  powers  at  4  million  tons,  so  that  over  and  above  the  quantity 
jnired  for  relaying  (If  million  tons)  we  shall,  when  all  the  iron  rails 
removed,  have  an  anneal  surplus  of  2\  million  terns.     To  find  a 
rket  for  this  quantity  it  will  be  necessary  to  lay  21,000  single  miles 
new  railroad,  an  amount  of  work  of  which  there  is  perhaps  not  an 
immediate  prospect. 

The  fignres  contained  in  this  estimate  must  only  be  regarded  as 

ery  approximate ;  but  they  serve  to  show  my  meaning,  which  is  that 

ie  annual  quantity  of  rails  required  for  maintenance  of  the  road  will 

very  much  less  when  steel  instead  of  iron  is  the  material  exclusively 

It  is  even  now  open  for  conBidemtion  whether  a  diminishiDg 

id  for  renewals  is  not  already  being  felt,  and  is  the  aiuse  whid] 

led  to  a  reduction  of  make  among  British  and  Continental  steel 

annfactnrers. 

In  conclusion  it  is  satisfactory  to  remember  that  Katnre  has  been 
sufficiently  bountiful  to  Great  Britain,  and  that  its  position  as  an  iron- 
making  community  is,  all  things  considered,  not  inferior  to  that  of 
^Xkj  other  nation.  Tlie  mijieral  wealth  underlying  its  soil,  taken  as  a 
hokj  is  80  accessible  in  a  commercial  point  of  vieWj  that  our  miners, 
man,  can  deliver  a  larger  qoantity  at  the  surface  than  is  the 
enei-al  practice  elsewhere.     If   their  exertions,  and  those  of  our 
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workmen  at  the  fiimaoes,  forges  and  mills,  are  paid 
rate  than  is  fomid  to  prevail  in  some  other  coontries,  i 
say,  that  some  part  at  least  of  this  difference  is,  as  1 1 
shown,  honestly  earned  by  greater  eflficiency. 

With  such  natural  resources  as  we  possess,  directe 
inferior  to  that  found  among  our  competitors,  I  cann 
the  necessity  arises,  that  a  community  of  interests  will  si 
of  action  on  the  part  of  all  concerned,  which  will  still 
iron-masters  and  iron-workers  of  Great  Britain  a  forem( 
development  and  pursuit  of  an  industry  to  which  they 
such  signal  service. 
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CORRECTIONS  AND  ADDITIONS. 


Page  6. — 9th  line  from  foot.  The  position  of  Great  Britain  and  the 
Continent  in  reference  to  imports  and  exports  is  some- 
what modified  since  the  short  expression  of  opinion 
given  here  was  written.  The  subject  is  referred  to  at 
page  448^  as  well  as  elsewhere^  and  again  under  the 
present  heading. 

Page  10. — 4th  line  from  foot,  and  page  31,  7th  line  fit)m  top,  for 
"  trombe  "  read  "  trompe" 

Page  12.— 12th  line.  In  the  profusely  illustrated  work  by  Agricola 
referred  to  there  is  no  figure  of  a  blast  ftimace.  Dr. 
Percy,  however,  in  his  treatise  on  Iron  and  Steel,  quotes 
another  writing  by  Agricola — Metallurgische  Schnften — 
in  which  it  is  stated  that  ''iron  smelted  from  ironstone 
is  easily  fusible,  and  can  be  tapped  oflF." 

Page  57.— 8th  line,  for  "  15  "  read  "25." 

Page  62.— Last  line, for  "CO,  x  C  =  2C0"  read  "COa  +  C  =  2C0." 

Page  80. — 6th  line  from  foot,  omit  words  "burnt  to  carbonic  oxide." 

Page  85. — Last  paragraph.    Mr.  Horton  recently  informs  me  that  I 

have  somewhat  overstated  the  economy  of  fuel  ejQfected 

by  enlarging  the  cold  blast  furnace,  but  the  error  does 

not  effect  the  nature  of  the  argument  made  use  of. 

Pages  92  and  146. — It  may  be  well  to  observe  that  the  20^  cwts.  of 
coke  mentioned  as  sufficing  to  produce  one  ton  of  pig 
iron  must  be  considered  as  an  exceptionally  low  rate. 
The  subject  is  further  referred  to  at  page  106. 

Page  108. — ^2nd  line,  for  "  two  hours  "^  read  "  seven  hours.*' 
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Page  105. — 18th  line.  Mr.  Parry's  analysifl  is  given 
which  reduces  the  carbon  folly  oxidised  U 
thirds,  instead  of  three-fourths,  as  stated 
slightly  alter  the  iignres  in  the  subsequent 

Page  117.— 2nd  line,  for  "  3,187  "  read  **  8,107." 

Page  188. — 2nd  line  from  foot,  and  page  144,  5th  line. 
the  excess  of  air  in  the  steam  boiler  firep 
at  100  per  cent,  the  authority  being  Ra 
Stsam  Engine,  Fourth  Edition,  page  281. 
5th  line,  the  excess  of  air  (20  per  cent.)  m 
of  several  analyses  at  the  Clarence  boilers, 
gas  being  the  fuel  used,  instead  of  coal,  as 
computation. 

Page  191. — ^Table  at  top  of  page,  first  column,  for  * 
"•108";  second  column,  for  "  1*118  "  read 

Page  214.— 8th  line  from  foot,  for  "xNaOKO"  read  " 
6th  line  from  foot,  for  "  •72N  "  read  "  '42^ 
from  foot,  for  "NaOKO"  read  [NaK]0." 

Page  218.— Table  of  Cyanides.— Ist  line,  for  "15-06" 
read  "  49*06  "  and  "  4*78  ;*•  2nd  line,  for  • 
"  9-07"  read  "  112-70"  and  "  5*19." 

Page  280. — ^Table  of  earths  in  furnace  fume.    In  the  ei 

the  composition,  instead  of  the  figures  giv 

Silica  70  ...  Lime  4  ...  Alnmina  26  ...  Magnc 

Page  241.— 4th  line  from  foot,  after  words  "requiring 
add  words  "latter  will.** 

Page  260. — 7th  line,  for  the  words  "  can  exceed  "  read  " 
unit,  exceed." 

Page  261. — In  table  at  foot  of  page,  where  word  "  cwt." 
"unit." 

Page  266.— 20th  line,  for  "981 "  read  "925." 

Page  283. — 5th  line,  for  "  fully  9  per  cent,  more  than  col 
calories,"  read  "  ftiUy  17  per  cent,  more  thi 
4,084  calories."  On  referring  (page  282 
generated  by  dry  coke  and  dry  charcoal 
with  hot  air,  the  difference  between  the 
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fuel  is  under  5  per  cent.,  viz.,  4,168  calories  for  coke, 
and  4,37(i  calories  for  charcoal.  This  arises  from 
the  quantity  of  heat  in  the  blast  being  much  larger  in 
the  csisc  of  the  former  than  in  the  latter.  The  per- 
centage of  carbonic  acid  in  the  chtircoal  ftirnace  gases 
being  as  great  as  it  can  be  maintained,  it  is  possible  that 
a  higher  temperature  in  the  blast  has  been  found  useless. 

Page  289. — 15th  line,  oniifc  word  "not," 

Page  314. — 5tli  line  from  foot.  The  oxygen  in  Durham  coal  is 
overstated  ;  the  content  given  being  that  of  Scotch  coal. 
Vide  page  315.  The  following  is  the  correct  analysis  of 
the  coal  from  a  South  Durham  colliery  i — 

Carbon  , 

Hjdrogen  ... 

Oiygeii  

Nitrogen  ,.,         

Water  .,, 
SiUpbor 
AiU 


Page  328. — 4th  line  from  foot,  omit  words  "at  3d." 

Page  337, — Ist  line,  omit  word  "blast." 

Page  saa  — 11th  line,  for  "15'3"  read  *'W^7";  10th  line  from  foot. 
I  for  "350'*  read"  35-2 /• 

Page  468. — 2nd  line.  For  the  words  "  nearly  the  whole  **  read  "  the 
greater  part/'  lu  later  years  the  exports,  aa  will  be 
observed  in  XV,  and  in  future  sections,  have  largely 
increased  from  other  countries  as  well  as  from  Great 
Britain. 

?ag€fl  469  and  470.— The  weight  of  iron  consumed  in  the  United 
Kingdom  as  computed  by  Mr.  Jeans  is  4,G1R,032  tons, 
whereas  I  make  it  only  3,495,000  tons.  I  am  ignorant 
of  the  kisis  upon  which  Mr.  Jeans'  estimate  is  framed. 
The  figures  made  use  of  by  myself  were  obtained  by 
deducting  the  exports  from  the  total  make  of  pig  iron. 
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Vide  page  444. 


COEEECTI0N8  AHD  ADDITIONS. 

Pag©  576- — 15tli  line  from  foot,  for  "produced'*  read  •* procured/* 

Pag€  583.— 13th  line,  for  "SOs/'read  "208." 

The  20fl,  here  refeiTed  to  represents  the  diffeieticei 
cost  between  pig  iroB  for  the  acid  and  for  tho 
processes.  It  is  quoted  on  the  authority  of  Bitter  voo 
Tanner,  who  reported  on  the  relativie  merits  of  the  two 
methods  to  the  Iron  Masters  Union,  of  Stjria  and 
Carinthia.i  The  cost  of  hematite  metal  suitable  for  the 
acid  process  is  given  at  64s.  8d.,  while  that  employed 
for  the  basic  mode  of  treatment  is  only  458. 

I  may  add  that  both  these  quotations,  particularly 
the  first,  are  considerably  higher  than  those  adopted  by 
myself.  This  want  of  agreement  is  probably  due  to  the 
fact  that  I  have  bt>cn  guided,  not  by  the  actual  ofist  st 
any  particular  work,  but  by  what  I  conceived  to  be  the 
capabilities  of  the  country  generally.  Thus,  in  furnaces 
of  autiquiited  description,  as  much  as  10  cwts.  more 
coke  were  being  consumed  to  make  a  ton  of  Bessemer 
pig  iron  than  w^as  employed  in  establishmeuts  of  a  more 
modem  type* 

Under  any  circumstances  the  comparison  of  tlifl 
position  of  different  countries,  in  an  iron-making  point 
of  view,  is  a  very  dilficult  problem.  This  arises  from 
the  vai-ying  values  of  the  raw  materials  and  from  the 
impTOvements  which  have  been  made  in  the  smelting  of 
the  ore  and  in  the  convLTsion  of  the  metal  into  the 
finished  article. 

As  far  as  steel  rails  are  concerned^  the  result  of  the 
consideration  I  have  given  to  the  subject  is,  that  as 
between  the  best  situated  works  here  and  similar  works 
on  the  continent  of  Europe  there  is  an  advantage  of  at 
least  10s.  per  ton  in  favom:  of  the  British  maker  in  the 
cost  of  the  article  put  on  board  a  vessel  at  a  sea  port^ 

^  Vide  TmiiiiActioBs  of  Iron  and  Steel  Institute,  1880>  pp.  20$  a»d  ^)7, 
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Important  as  a  sum  of  lOs.  is  in  an  article  not  worth 
more  than  about  90s,  per  ton,  it  is  obviously  not  suffi- 
cient to  enable  the  manufactui-ers  of  Great  Britain, 
except  under  very  exceptional  circumstanoes,  to  export 
rails  for  consumption  in  countries  where  the  difference 
in  cost  does  not  exceed  the  lOs. 

In  an  article  like  an  ordinary  steel  rail  the  amount 
paid  in  wages  is  too  small  to  permit  the  foreign  maker, 
by  the  cheaper  labour  at  his  command,  to  overcome  the 
other  di&advan  tages  of  his  position.  When  however  40b« 
or  60s.  is  added  to  the  cost  price  of  an  object  it  seems 
very  probable  that  we  must  prepare  ourselves  to  have  to 
meet  the  competition  of  German  and  Belgian  maoa- 
fkcturers  even  in  our  home  markets. 

606. — 7th  line  from  foot,  for  ''natural  and  artificiaJ  foreign" 
read  "  native  and  foreign^*' 

^68, — 18th  ilne  from  foot,  for  words  ''vide  page  622"  read  *'  rtfife 
page  r,(U»" 

704.— Foot  of  ]mgi.\  for  ''Tees  100"  read  "Tees  98".;  and  for 
**  Western  Germany  75"  read  ** Western  Germany  85." 

706. — Since  the  reference  made  to  iron  shipbuilding  in  Norway 
Mr.  Raylton  Dixon  has  kindly  fiiraiahed  me  with  some 
further  particulars.  The  saving  of  £525  in  the  cost  of 
a  ship  built  in  Noi-way  for  lalx^ur  was  effected  in  the 
wages  paid  to  the  iron  workers  alone.  To  these  my 
intbrmant  includes  that  connected  with  the  cai*penters, 
joiners,  painters,  &c.,  in  the  foUowmg  terms: — 

"The  net  result  of  the  two  factors  on  the  cost  is  such 
that  on  a  vessel  of  say  1,250  tons  gross  register  and 
1,500  tons  dead  weight  capacity,  the  Norwegian  builder 
can  turn  out  his  work  for  at  least  £850  less  than  his 
English  competitor.** 
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Blast  furnace — Continued. 
small  and  large  compared.  203 ;  slag,  ab- 
sence of  lime  in,  169;  slags,  description 
of,  169;  starting-point  of  iron-making 
operations,  46;  summary  of  improve- 
ment^t  in,  24 ;  superiority  of  over  direct 
process,  61 ;  three  functions  of,  241 ; 
twofold  duty  of.  65  ;  use  of  water-gas 
in  the,  337 ;  ntilisation  of  waste  gases 
from,  23 ;  wages  at.  520 ;  work,  dis- 
turbing influences  of,  259;  working 
average  of,  268 ;  work  of,  61.  (See  also 
atmospheric  airy  ammonta,  carbonic  acid, 
carbonic  oxide^  charcoal^  coal,  coke,  cy- 
an  ides,  cyanogen^  f^el^  furnace  blait, 
heat,  hot  hlastf  hydrogen  compounds, 
iron  stone  and  iron  ores,  labour,  lime  and 
limestone,  metalloids,  ore,  oxygen,  phos- 
phorus, pig  iron,  silicon,  slag  and  slags, 
sulphur,  reducing  zone,  temperature, 
tuyeres,  water  gas^  white  iron,  zinc.) 

Blow,  basic  process  (see  basic). 

Board  and  lodging,  cost  of,  on  Continent 
and  in  Great  Britain,  489.  (See  also 
food,  propisioHS.) 

Board  in  Southern  States,  cost  of,  550. 
(See  a\so  food  ;  provisions.) 

Boiler-plates,  analyses  of  different  \'arietics 
of  iron  for,  373;  cinder  in,  369;  un- 
sound welding  of,  369. 

Boshes,  angle  of,  in  blast  furnace,  268. 

Bowling  cinders  from  refinery,  analyses  of, 
359.  (See  also  refinery;  refined  iron, 
analyses.) 

British  Iron  Trade  Association,  publications 
of,  474. 

British  made  iron,  exports  to  iron-making 
countries,  469;  protective  duties  levied 
on,  467. 

Bimsen,  Ebelmen,  and  Playfair,  experi- 
ments on  blast  furnaces  by.  308. 

Butcher  meat,  cost  of,  in  1685,  478 ;  cost 
of,  in  1866,  480;  in  France  and  Ger- 
many in  1847, 480.  (See  also  provisions.) 

Bunsen  and  Plaj-fair's  experiments  on  blast 
furnace  gases,  308. 

Calcination,  imperfect,  of  ironstone,  240; 
iron  ores,  change  effected  by,  56 ;  lime- 
st<me  effect  of,  58;  limestone,  want  of 
economy  in  large  furnaces.  60;  ores 
contiuning  carbonic  acid,  before  being 
niod  in  blast  furnace,  56. 

Calcining  kilns  used  in  Cleveland,  56. 

Calcium  found  in  pig  iron,  167. 

Capacity  of  furnace,  advantage  derived 
from  increase  in,  247. 

Capital  attracted  to  most  remunerative 
trades,  463. 

Carbon,  action  of,  on  oxide  of  iron,  197. 

Carbon  and  carbonic  oxide^  temperatnret 


at  which  they  begin  tc 
of  iron,  70. 

Carbon  and  oxygen,  altenU 
of,  in  fnmace  gases,  2. 
levels  of  fnmiioe,  212 
irregularities  in  qnantit 
gases,  alteration  <k,  215 
of  irregularity  in  qoant 
by  alkaline  compoonds, 
also  oxygen.) 

Carbon  and  silicon,  oxidatioi 
"blow,"  391. 

Carbon  as  an  agent  for  wo 
the  blast  famace,  62;  a 
diminution  of,  in  blast 
as  carbonic  acid,  extent  cd 
furnace  gases,  107 ;  ascei 
gases  at  different  levels 
208;  calorias  provided  h 
by  oxidation  of,  88 ;  cha 
condition  of,  by  refinery, 
of  change  in,  by  long  ex 
temperature,  158 ;  combin 
in  cementation  process, 
tion  of,  in  pig  inm,  15£ 
of  iron  with,  in  atmosph^ 
oxide,  160 ;  combined, 
largely  in  white  iron,  15 
of,  62;  combustion  of  in 
condition  of,  in  gases,  27C 
in  pig  iron  affected  by  ten 
consumption  of,  compared 
with  charcoal  and  coke, ! 
nse  of,  in  protecting  ms 
furnace,  222 ;  depositi< 
favourable  for,  189;  def 
action  of  escaping  gases  o 
202 ;  deposition  of,  withoi 
metallic  iron,  189;  deriv 
fermula  for  estimation  d 
from  fuel,  calculated  fro: 
of  gases.  269 ;  effect  of  Ic 
as  CO.,  89 ;  escaping  f roc 
as  carix>nic  acid  and  losi 
diminution  in  qoantitv  < 
tionally  low  content  of,  in  i 
in  coal,  duty  obtained  fro 
using  coke  and  raw  coal, 
coal,  heating  power  of, 
coal,  heat  obtained  from, 
coal,  loss  of  in  ooke-mak 
51 ;  fixed  in  coal,  valne  of 
on,  234 ;  gaseous  conditio! 
for  combining  with  ire 
evolved  by,  in  banc  proc 
evolved  by,  limits  of,  69 
by  one  unit  of,  in  blast  f ai 
evolved  by  20  units  of,  in 
195;  highest  record  of,  i 
Clarence  worics,  157;  in  c 
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Carbon —  Conttn  ued, 

coaX  practically  perf onns  the  same  duty* 
132;  loss  of  beat  in  reducing  iron  by, 
197;  IrwA  ofi  in  ordinary  coking  pro- 
cess, 23^1;  oxidation  of,  causes  which 
effect,  S47 ;  oxidation  of,  in  coke  heated 
'lit*,  105;  oxides  of,  laws  griverning 
>'«3  fif  in  furnaoc  ^Ase*,  69;  oxhides 
^,1,  ^  lilt  of  equilibrium  in  furuttce  guvBes, 
SfifefS ;  power  of,  to  §plit  up  carbonic  acid, 
194;  pToportion  of,  found  in  guses  as 
e&rbonic  acid,  252;  qnautiiy  and  con- 
ditionfi  of,  in  f^&ses  escaping  from  blujst 
furnace,  G8;  quantity  of,  aa  carbonic 
mcidf  in  gu§e^  from  Clevehind  furnace, 
195 ;  quantity  of ^  coiigumed  iu  coke  and 
raw  C4>at  furnac^»«  couipariKl,  325  ;  quan- 
tity of  rtHjuired  in  blast  furnace,  9d; 
qnautity  or  qiuility  of,  docs  wot  neces- 
sarily affect  grade  of  iron,  ISS;  quick  and 
alow  currents  of  CO  in  reducing-  iron  and 
depositing,  190 ;  rationale  of  ftinnula  for 
dGterminiiii?  quantity  used  in  bla^t  fur- 
nace, 270;  reduction  of  oxidt?  of  iron  by, 
»nd  deposition  of,  compared,  192;  re- 
duction of  quantity  of,  in  gases,  and  effect 
of  on  CO  ^  present,  89;  reijui red  to  generate 
31 ;  separation  of,  iu  graphitic 
>fit  Vred  with  by  milphiir,   103 ; 

¥•  ucy  t^  unifonnity  of  coin- 

}  it   and  iron,  161 ;  state  of 

o  II  which  it  leaves  the  furnace, 

»ub<iiitution  of  in  blaitt  furnace  by 
t  iu  the  bla*t,  89 ;  used  i>er  20  units 
'of  hot  and  cold  blast  iron,  148 ;  vegetable, 
compared  with  mineral,  304;  waste  of, 

Car  action  of  carbon  on,  in  blast 

f  I ;  action  on  spongy  iron,  183 ; 

aiul  c«trh<»tiic  oxide»  reducing  powers  of 
mUtures  of,  313  ;  antugonl^tic  itifinencc 
in  preventing  retUiction,  IS-i;  at  different 
depths  of  coke  and  cliarcoal  furnact*s, 
292  J  carbon  in,  from  furnaces  using  coke 
and  raw  coal,  !i22  ;    cause?  of  dimppear* 
»nce  of,  from  f urnnce  gaseii,  1 12 ;    com- 
fnircd  mth  quantity  of  carbonic  oxide  in 
eliarcoal  furnaces,  ^2;  decomposition  of, 
by  hydroi^en,  312;   disappearance  of,  in 
bhtst  furnace^  70;   disappearance  of.  in 
pt^^j  of  furnaf^e  using  raw  coal,  324; 
nn  IxMtiK  lilwratc*!  from  flux  in 
:ire,  198;  effect  of,  on  charcoal 
7:  effect  of. on  fuel  in  furnace, 
of.  on  soft  coke»  2iK> ;  extent 
'ale  in  at  ion  of  Itn^e^tone, 
;  jKMU'ttuce  of,  from  gases, 
u  iijiirtt  becoubiined  in  blast, 
liicts  of  combi.Mtion  of  differ- 
12t$;    less  quantity  iu  gases, 


tjffect  of, 
bliMr  fun  I 


furnaces    using   fire-brick    stoves,   267 J^l 
of  limestone  split  up  by  coke,  If  18 ;  loss  of, 
in  being  split  up  by  carbon,  194 ;  presence 
of,  in  Hmestone^  and  effect  of  in  blaiit 
furnace,    h9 ;    ready  dissociation  of,  by  . 
reduced  iron,  65;    reducing   powers  cJ 
mixture  with  CO,  inteuisilied  by  hydro- 
gen, 313 ;   snmll  qnantity  of,  at  tuyereSf  \ 
109;  split  up  by  carbon.  194;  tendency 
of,  tc  react  on  carbon,  188;  un expelled, 
in   Cleveland  ore,  240.     (See  also  blast 
fttrnaee,  carbon^  and  corbonie  oxide^') 

Carbonic  oxide,  abstraction  of,  from  Wast 
furnace.  99 ;  aciditi cation  of,  by  oxide  of 
iron,  118  ;  action  of.  on  other  substances 
than  iron,  193;   and  carbonic  acid,  re> 
ducing  p^iwers  of  mixtnres  of,  affected 
by  hydrogen,  313 ;  and  unreduced  ore, 
action  between,  in  hla«it  fnrnace,  78;  as 
a  reducing  agent,  S05  ;  decomposition  of, 
by  hydrogen,  312 ;  direct  generation  of, 
by  carbon  with  air,  199;  diiisociation  of^ 
by  peroxide  of  iron,  188 ;  effect  of  mix- 
tures of,  and  CO,,  on  ores  and  fuel,  287ii| 
effect   of,   on   Spathose   and   Cldreland] 
ores  compared,  285;  effect  of,  on  spoogyl 
iron,  185;   excess  of,  in  escaping  gweSf  ■ 
106 ;  excess  of,  required  for  reduction  of  ' 
oxides  of  iron,  186 ;  function  of.  in  blast 
furnace,    65;    iucji^iable    of    comjiletcly 
reducing   oxide    of    iron,    291 ;    iu   the 
Bessemer  **  blow/'  390 ;  point  of  satura^ 
tion  by  oxygen  of,  in  blast  furnace,  98; 
power  of  oxide  of  iron  iu  different  states 
to  dissociate,  189 ;  power  of,  to  take 
oxygen  from  ore,  78 ;  ratio  which  It  bean 
to  CO,  in  blast  furnace,  294;  reoxidation^ 
of  iron  by.  220;  susceptibih'ty  of  strongly 
masted   ore   to    impair   action   of,  ii2<). 
(See  also  carbon,  carbonic  add,  rfi>soct- 
atwn  of  carbonic  oj^ide,  oxide  carbonic,} 

Caron  on  dissociatiun  of  carbonic  oxide,  189, 

Carondalk't»  iron  works  of,  678. 

Carves,  description  of  a  coke  oven  by»  327*  i 

Cast  iron,  decomposition  of  phosi>hate  oifJ 
lirae  by.  4I<J ;  imjx>rtance  of,  in  art%  1 
343.    (See  also pitf  iron) 

Catalan,  and  other  low  fires*  10;  furnace^ 
waste  of  metal  in,  344 ;  beartli  and  re- 
finery, proce^  cjf  combustion  in,  63. 

Cen  en  tilt  ion  pn«esM,  436 ;  carbon  in  blister 
sU'cl  prtjdnccil  by,  ]«>0. 

Chalk,  tlried-  content  of  carbonate  of  lijne 
in,  57.   0  (See  also  ii met/ one.) 

Charcoal,  Akerman's  list  of  furnaces  nsinfp,^ 
276 ;  Auiencaii  f  nrnftces  com j Hired  with 
coke  and  coal.  129;  and  Cleveland  fur- 
naces,  heat  equivalents  of,  compared, 
275 ;  and  coke  eomj^ired  with  anthracite, 
2t)0;    and    c-jkc,    difference;    of    actiou 
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Charcoal —  Continued. 

between,  297;  and  coke,  effect  of  high 

temperature  on,  289;  and  coke  furnaces, 

carbonic  acid  (CO,)  at  different  depths 

of,  292 ;  and  coke  furnaces,  increase  of 

temperature  towards  hearths  of,  296  ; 

average  consumption  of,  in  making  grey 

iron,  278 ;  Birkinbiue's  comparison  with 

anthracite  and  coke,  290;  consumed  in 

Carinthian  furnaces,  compared  with  coke, 

128;  consumed  in  Swedish  furnaces,  276; 

cost  of,  in  America,  54 ;  consumption  of, 

compared  with  coke  in  making  white 

iron,  285;    consumption  of,  in  Austrian 

and  Swedish  furnaces,  274;  contains  less 

ash  than  coke,  13i;   cost  of,  54,  135; 

diminution  of  heat  caused  by  inferior 

oxidation  of,  203;   foreign   matter  in, 

235 ;  furnaces,  American,  compared  with 

Styrian   and    Swedish,    300;    furnaces, 

carbonic  acid  per  20  units  of  iron  less 

than    in    coke  furnaces,  291 ;  furnaces 

compared    with    coke    furnaces,    277; 

furnaces,  duty  performed  by,  in  Sweden, 

278;     furnaces    in    Sweden,    working 

of,  130;    furnaces  making  white  iron, 

284;  furnaces,  ore  not  reduced  *  height 

of,  298;  furnaces,  ratio  of  CO,  to  CO 

in,    more    than  in    those    using    coke, 

289;  furnaces,  tables  of  duties  of,  279; 

furnaces,   weight   of    burden    in,   277; 

furnaces,  withdrawal  of  O  from  ore  in, 

296 ;  hard  and  soft  coke  compared  with, 

281 ;  heat,  equivalent  of,  compared  with 

coke,  281 ;  heat  evolved  per  unit  of,  281 ; 

iron,  cold  blast  American  preferred  for 

railway  wheels,  152;    iron,  cost  of  in 

Austria,  54;  iron,extent  of  manufacture  of, 

in  United  Kingdom,  55 ;  low  consumption 

cf,  in  smelting  iron,  274;  manufacture 

of,  in  close  kilns  on  Lake  Superior,  54 ; 

moisture  in,  282;   percentage  yield  of, 

from   wood,   53,   135 ;    remarkably  low 

consumption  of,  in  blast  furnaces,  274 ; 

super-heated  air  applied  to,  298 ;  usually 

made  where  wood  is  grown,  54;  yield  oi, 

from  acre  of  ground  in  United  States, 

53.      (See  also   blast  furnace,  carbon, 

carbonic  oxide,  and  carbonic  acid.^ 

Chemical  action  in  blast   furnaces,  176; 

sequence  of,  in  blast  furnace,  176. 
Chemicals,  use  of,  in  puddling,  375. 
Chemical  works,  cost  of  labour  at,  504. 
Chief  iron-making  countries,  importance  of 

iron  exportatiim  from.  707. 
Cliill,  deeper,  taken  by  cold  blast  iron  than 

by  hot.  153. 
Chilled  railway  wheels,  cold  blast  charcoal 

iron  preferred  for,  152. 
Chlorides,  supposed  decomposition  of,  by 
sodium,  in  blast  furnace,  167. 


Chlorine,  presence  of,  in  1 

Cinder,  ooloar  of,  indio 
furnace,  171 ;  conditi< 
separation  of,  from  met 
quality  of  pig'-iron  proc 
lumace  (blast)  seldom 
iron,  170;  emission  of  w 
174;  from  purifying  i 
404;  in  boiler-plate,  con 
occlusion  or  absorption  < 
produced  at  Bowling,  i 
quantity  of,  prodnced  in 
168;  refactory,  in  baa 
scouring,  causes  of  pm 
(See  btoMifurmtce,  tlaff, 

Clarence  furnace  compared 
with  superheated  air  ( 
summary  of  working  oi 
blast  furnace.) 

Clay  ironstones,  extent  of 
in,  56 ;  modes  of  calciui 
coal  measures,  changes 
position  of,  among  ores 
superiority  as  an  iron-m 
Great  Britain,  referred 
iron  ores.     Ores.} 

Cleveland,  and  charcoal  f  ui 
275 ;  and  Luxemburg  ore 
tuents  of,  compared,  171] 
loss  of  oxygen  in,  by  expo 
oxide,  184 ;  calcined  ston 
by  CO,  more  rapid  and  at 
ture  than  by  coke,  198 ;  ^ 
modem  type  of  plant  in, 
dimensions  of,  22;  hotan^ 
absorbed  in  furnaces  using 
required  in  forge  with,  « 
consumed  in  smelting  2€ 
iron,  heat  units  rc<|uired  i 
96;  iron,  lowest  rate  of  < 
coke  required  in  smelting, ! 
theoretical  weight  of  col 
make  a  ton  of,  105 ;  iron, 
by  oxide  of  iron,  401 ;  iroi 
of  metalloids  in,  365;  ire 
354;  iron,  slags  from,  in 
409 ;  ironstone,  character 
119 ;  ironstone,  reduction 
ironstone,  ^-aluc  of  supei 
connection  therewith,  119 
duction  of,  by  hydrogen,  I 
of  CO  on,  compared  witl 
285;  pig  iron,  extent  of 
69 ;  pig,  means  of  expelli 
from,  387;  seams  of  irunsU 
in  quality  of,  119. 

Clothing,  quality  of,  compare 

Coal,  Belgian,  629;  bituminoi 
of,  120,  127,  511,  612,  i 
643,644;  bituminous,  com 
Scotch  blast  furnaces,  12C 
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rni.'  nropertiet  of,  when  used  raw, 
^r  of,  to  fit   it   for  u«e    in 
r  I  '%  47;  cotulensationof  wnt^ 

fruu^,  in  gm  works,  314;  consuniption  of, 
per  toil  of  piiddh^  bars,  363;  exports 
id  import!*  bj  five  nations  of,  448 ;  ex- 
"ftion  uf  moisture  of.  in  f tiniiici**  3S4  j 
lidi,  fi26;  Gartslierrie,  average  con- 
t  of  ojcygen  and  moistnre  in,  314 ; 
rmiin,  f>23;  Greftt  Bntiuii,  ^10;  im- 
ice  of,  tjo  iron-exportinjf  conntries* 
in  IM^um,  coat  of  labour  at 
rltiTijr  in,  509  ;  increased  ef»t  of  labonr 
working  of,  5*>S ;  inferior,  now  used 
coke  manufacture,  92 ;  in  France, 
t  of  labour  at,  510 ;  kituU  of,  capcible 
being  u*ed  in  raw"  stAte  for  iron  smelt- 
46  ;  iab^nir  cost  in  wnrking,  in  Grisat 
itain  of,  505 ;  labour  cost  of,  in  America 
Durliam,  558;  miners,  average 
liog*  of«  in  different  conntrit^s,  T>\V  ; 
ners,  fluctuation!!  in  earning  of,  517 ; 
of  County  of  Durbam  uritit  for  use  in 
TOW  state  in  tbe  hla<?t  funince,  120;  of 
rbain,  volatile  substances  in,  -49;  of 
irth  Staffonl*bire  com]Hir«l  with  coke 
used  in  Cleveland  furnaces,  123 ;  out- 
it  of,  in  Genu  any  and  cost  of  lalxjur 
614;  output  of,  in  i'xttiQ^  of  bigb  and 
iir  prieeii,  513 ;  production  of,  in  cliief 
Iticing  countries  in  1882,  448;  pro- 
ictaon  oif,  per  bead,  506 ;  raw  and  coke, 
iparison  of,  in  blaiit  furni^'iCr  325 ; 
fiRw,  nm  of,  in  blast  furnace,  315 :  raw, 
oisc  of,  in  furnace  smelting  Spaniitb  ore, 
323 ;  raw,  use  of,  in  smelting  oolitic 
ores,  31*  1 ;  niw,  water  gas  obtained 
from,  335;  splint,  of  Airdrie,  120;  tar, 
Tt  1 '  ^  ery  of.  in  coking  process,  52;  Unittxl 
^t<it**!i  of.  (i32 ;  working,  age?*  <>f  penionji 
ed  in,  512;  yield  t>er  acre  of,  136. 
coke,  Durham  eoal^J'uel.) 
Iirane,  Chas,,  on  Omiesby  furnace,  2fi4, 
Coke,  action  of,  on  VO.^  (crirlMunc  acid), 
101;  air  r&^titreil  for  rombtistion  of,  2fi4; 
Aonlysis  of,  from  Belgium,  ICH;  analysis 
of,  ttwetl  at  Clarence  furnace*,  lO-l;  and 
cbnrojil  cora|itiied  with  untbracit«>  290; 
»nd  cbarcoal.  consiumption  nf,  wunpfirctl 
V. ' ' '  "'  '  I  lid  coke.  130;  and  cliar* 
«  1  in  making  white  iron, 

-.   _    -  ,    and  charcoal  furmices, 
>,  at  dilTere-nt  depth««  of,  292 ;  and  cbar- 
1    furnaces,  increase  of  tcmywrature 
►wards  ln*arth  in,  295 ;  and  cbarcfual,  p<>K- 
■  Iti  effei*  uf  higb  tem]»erature  nn,  289 ; 
iHiitnption  of,  in  hematite  fur* 
average  cousumptiwn  of,  in 
^  ;      -,cmcr  pig,  255;  nzot*^  in,  105; 
k  ends  of,  lo-i;  causes  of  oxidation  of, 


247;  compared  with  raw  coal  for  smelt- 
ing* 325 ;  ccmsnmed  in  nmoUing  Cleveland  , 
iron,  126;  consumptioii  of,  as  effectedl 
by  increasing  temperature  of  blast,  2-191] 
continental,  large  quantity  of  earthjT 
matter  in,  238;  cooling  capacity  of, 
encaping  gases,  179;  difference  in  con- 
sumption of,  M  between  rich  and  ^Kwr 
ores,  116;  economy  j'esulting  from  reduc- 
tion of  woiste  of,  52;  crffect  of  foreign 
matter  in  235;  effect  of  impurities  in, 
100 ;  effect  nf  introduction  of,  on  car- 
bcjnic  acid,  179;  effect  of  t>xygen  in,  on 
pnxluctttm  of  beat,  240;  effect  of  tempera*  j 
tnre  and  condition  of  air  in  burning.  2385 
eitimuted  iuiving  of,  due  to  preliminary 
calcination  of  limestone.  59;  estimate 
weight  of  required  to  smelt  Cleveland  iron,! 
87 ;  fonnula  for  estimating  carbon  derived 
from,  in  furnace  gases,  2  73  ;  furnaces  com- 
pared with  charcojd,  277 ;  f  uruace«,weigh'fe 
of  burtlen  in,  277;  gaaea  given  off  by3 
heated  in  vacuo,  105  ;  heat  equivalent  of^ ' 
2(tO;  beat  e<iuivalent  of,  compared  with 
cbarcoal,  281 ;  boating  power  of,  in  blast 
furnaces,  104;  importance  of  i|uality 
of.  lOO;  inferior,  u*e  of,  92;  larger 
ruteable  weight  of,  burnt  in  ttmaller 
than  in  larger  furnace,  201';  limit  of 
economy  of,  by  increase  of  temjicrature 
in  bloAt,  88;  limit  of  economy  in,  by 
raising  bhist  from  l,OCXi''  to  l,7i>f'  >\,  93; 
mceb»inicul  texture  of,  101;  mode  of 
checking  consumption  of,  269;  ordtnarj 
yield  of,  in  bee-blve  oven,  235;  oveni^J 
attempts  to  improve  the  yield  from,  592|f 
ovenj*,  Simon  Carves',  328,  592;  oveni, 
utilisntioM  of  waste  beat  at,  591 ;  oxygen 
and  azote  in,  104 ;  oxygen  contained  in, 
2'ID  I  percentage  of  earthy  and  volatile 
matters  in,  lOi;  quality  of,  affected 
by  mode  of  burning,  51 ;  qoality  of, 
from  Carves'  and  bee -hive  ovoiiis,  328; 
quantity  of  oxygen  contained  in,  237; 
quantity  of,  reouiretl  to  tnake  jiig  iron, 
261;  quantity  of,  re^juired  to  smelt 
Cleveland  iron,  li>6;  soft,  aversion  of 
funukcc  managers  to.  101 ;  ioft,  effect  of 
COj  on,  290 ;  soft,  effect  of,  in  splitting 
up  CO,,  196;  substitution  of,  bv  heat 
in  hot  nir,  action  of,  88;  substitution 
of  beat  in  blast  for,  possible  extent 
of,  91 ;  temperature  at  which  CO^ 
begins  to  act  on,  102 ;  theoretical  weight 
of,  requiretl  to  make  the  ton  of  No,  3 
Cleveland  iron,  106;  useful  effect  of, 
dimininhed  by  presence  of  oxygen  in,  105? 
waste  of  different  qualities  of,  in  reda 
cing  zone,  102,  (See  ammoma  and  ia 
coai,  coke,  coking  procetM^  Durham  i 
fuel,  oten§.) 
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Coking  process,  extent  and  nature  of  wasto 
in,  49 ;  generally  rude  and  unscientific, 
47;  in  open  air,  wasteful  of  coal,  53; 
Knab*8,  description  of,  52 ;  less  wasteful 
in  France  and  Belgium  than  in  England, 
49;  loss  of  fixed  carbon  in,  51;  loss  of 
heat  in  Durham  county,  50.  (See  also 
coke.) 

Cold  blast  furnace,  elements  of  heat  ab- 
sorption in,  242;  evolution  of  heat  in, 
243. 

Cold  blast  iron,  and  hot  blast  compared,  148 ; 
and  hot  blast  iron  of  America  compared, 
152 ;  C(>mi)osition  of,  and  hot  blast  iron, 
com])ared,  150. 

Cold  blast,  substitution  of,  for  hot,  effect 
of,  on  comiKwition  of  iron,  150. 

Coltness  furnace  slags,  analysis  of,  233. 

Comparison  of,  acreage  yield  of  charcoal 
and  coke,  132;  blast  furnace  with  other 
furnaces,  140;  charcoal  and  coke  for 
blast  furnaces,  133;  consumption  of 
cliareoal,  coke,  and  anthracite,  smelting 
the  same  ore,  130. 

Connelsville  coke,  price  of,  693  ;  wages  at 
collieries  of,  658. 

Consumption  of  iron  by  different  countries, 
470. 

Conveyance  by  water  in  United  States, 
cheap  instance  of,  595. 

Convict  and  slave  labour  in  Alabama,  557. 

Com,  averages  of,  481. 

Cornwall  ore,  c«)st  of  conveying  minerals 
for  iron  made  from,  691. 

Cort,  Henry,  first  attempt  to  puddle  on  sand 
bottoms  by,  351 ;  inventions  of,  14. 

Cost,  of  living,  in  North  of  England,  487 ;  of 
living  not  materially  different  in  different 
countries,  490 ;  of  making  iron  in  Lanca- 
shire fires,  347;  of  making  pig  iron,  in 
1727,  at  Stour  works,  319;  of  raw  ma- 
terials used  in  steel  manufacture,  387 ;  of 
trans]K)rt  of  inm  ores  in  United  States 
and  United  Kingdom  compared,  473. 
(See  also  board  and  lodging,  butcher 
meatffoodf  provisions. 

Creusot,  working  of  revolving  i}uddling 
furnaces  at,  371. 

Cyanides,  behaviour  of,  in  blast  furnaces, 
223 ;  decomposition  of,  in  blast  furnace, 
327 ;  decrease  of,  during  ascent  in  fur- 
nace. 218;  supix)$ed  disturbance  in  com- 
position of  gases  caused  in  blast  furnace 
by,  216. 

Cyanogen,  compounds  of,  conversion  into 
carlx>nates,  22 1- ;  reducing  power  of,  on 
oxide  of  iron,  223. 

Danks  furnace,  dephosphorizing  agency  of, 
395;  revolving  furnace,  365;  revolving 
f amace,  conditions  for  saccess  of,  366. 
(See  abo  puddling.) 


Darby,  Abraham,  inventioi 

Dawes,  trial  of  water  gas 
shire,  329. 

Delhi,  iron  colnmn  at,  10. 

Deoxidation,  of  alkalies,  saf 
of,  in  blast  furnaces,  2 
garded  as  a  prcliminar] 
bUst  furnace,  207.  (S 
matter,  &c.) 

Deoxidising  action,  in  cl 
making  white  iron,  201 
nace,  addition  to,  by  use  < 

DeixMLtion  of  carbon,  quid 
rents  of  CO  in  promotin 

Diameter  of  blast  furnace 
of,  124. 

Direct  process,  advantages  c 
furnace  compared,  40 ;  a 
Lake  Champlain,  43;  a 
moving  phosphorus  com]: 
dling  process,  374;  by 
carbon  and  silicon  in 
compared  with  blast  fui 
dling  process  c<»mbined, 
son  of,  with  blast  fur 
of,  compared  with  thai 
steel.  34;  description  of 
vessels  and  in  rcverbcrato 
in  low  fires  or  in  reverbci 
reduction  of  ore  by.  86 ; 
steel -making,  35;  of  Clai 
33 ;  rjf  M.  Dupuy,  37  ;  o\ 
able  iron,  30 ;  of  Siemei 
Blair,  34 ;  prospect  of  re 
sons  for  following  it  in 
45 ;  Ritter  v.  Tunner  on 
39 ;  Y.  Barra,  Messrs.,  as 

Dissociation,  of  carbonic  ox 
oxides,  1^;  of  carbonic 
presence  of  carbonic  acid, '. 
oxide,  presence  of  metal 
dispensable  for,  193 ;  of 
varying  power  of  differ 
peroxide  of  iron  for,  190j 
combustion,  heat  absorb 
tiim  of,  48.  (See  also  hla 
bonic  oxide.) 

Dixon,  Kaylton,  on  cost  of  h 

Dudley,  Dud,  inventions  of, 

Dufrenoy,  examination  of 
blast  by.  81. 

Dunlop  &  Co/s  inmworks,  e 
at.  by  hotbUst.  81. 

Durham  coal-field,  future 
702. 

Durham  coal,  <inantity  of, 
verted  into  coke,  47. 

Durham  coke,  average  jiel 
of  Durham,  49;  manu 
fiued  ovens,  51;  waste  i 
of,  49. 
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itiport*  extension  of  the  iron  tnule 
1  b^,  474 1  probuble  effect  of  repc?iil 

i>i,  447  ;  pfut«»ctive,  t."ff*>ct  of«  4-16* 
ISarnuiiT^,  t^zricuhnml,  472,   49f>  544 1    nt 

t.1 1      "        tci^t  502  ;  at  blast  furitaces  in 

h  1  ;  at  Besftfcnier  steel  works, 

1   I'^iiu^  in  Europe,  505 ;  At 

rig,   501;  lit   ironstone 

ijid,  517;  France,  518; 

LuJkcmUujg,    ^IH;      Nortlmmptotisbire, 

617 ;  Hjiain,  518 ;  Bessemer  at^'cl,   571  ; 

CMftl  mines,  554;  ii'on  ore  mine*,  575; 

amll  liable  iron,  566* 
Ettrninp^s  at  bla^st  fnrnace«  in  U.S.A.  from 

1S7U  to  IHJSO,  565, 
Ebclniaa  and  Tuuner  on  increase  of  oxygen 

at  tuyere*,  212. 
Kbelman's   cxperinicnti*   on   lilaat   fnriiftce 

l?n»e*i,  308, 
Kcomnnyf   margin   of^    in    Be^ssi'invr    anil 

Clevelami  iron,  RM3, 
Economy  of  fuel  c^ffectecl  by  altera tbu  in 

modo  of  rbar^iJig*  furrmces,  100. 
Kugl&nd,   importti!  uf  iron  from  Belgium 

and  Uermany  to«  460. 

uorkmen,  c<Mit  of  living"  ofj  486* 
I'LHluction  of  wat-er*^cas  at,  331. 
r ,  I ^ . !  M 1 ,  u- t4*rrt,  errors  of,  306, 
Kuro|u'ii>  countries  aJ8 competitors  lu  uianu- 

facture  of  iron,  702. 
Kxbibitionst  intcnnitlotial,  value  of,  441. 
Kiportt^  of  iron,  from  cbief  iron-aiaking 

ecmntne^,  70G  j  of  all  kinds  from  Grout 

Britain,  444;  to  iron-making  countries 

fwiuj  Great  Britain,  469. 
Exports  itt  iron  manufactures  from    Bwl- 

ginui,  571* ;   France,  579;  Great  BrttaiD, 

571» ;  TlniU^il  States,  579. 
yiiirlKiirti,  Sir  W„  on  comparative  strength 

of  bot  and  cold  blast  iron,  150 ;  on  effect 

of  a] >pli cation  of  lieat  to  8olid  iron^  148. 
FArm    and    ironworks    labour    in    Great 

Britain    and    America,    difTerences    in, 

<V,OiTnH'd     'loi, 

Fai  K'Uta],  rc:lationa  with  Britiah 

r^-  .      .  [80. 

Karnists^.  in  America,  540:  England,  542. 
K»rm  labcmr,  cost  of,  in  United  State*,  544; 

11    "  I    Dr.  Young  on,  515. 

Fcr  1  .',  and  its  results,  122. 

Fcr  se,     use    of,    in    Bessemer 

|*Vt;  *yc>d,  in  Dank*s  fnruace,  3Q5 ; 

for  i*4itliiUiig  furnaces,  362. 

J-lre- brick  *tt>vcs,  and  metal*pipe  utove*, 
oomiMuiiMm  of,  107;  application  of,  to 
UeiLtlug  blastp  21M;  theoretical  evolution 
of  beat  in  burning  coke  v^  itb  air  heati^d 
iii»  264;  vabic  <if,'for  poor  minerals,  119» 
(Sf«  nUo  hot  blast) 


731 


Fireplace    of    boiler,  lumlji^s  of   deposit 

gathered  in,  232* 
riiiit*  and  blftxt  fumace  slag,  experiments 
with,  to  determine  evolution  of  heat  in 
reducing  zone,  76. 
Flour,  improvements  in  grinding  of,  488* 
Food,  cost  of,  in  United  States,  539 ;  coat^ 
of,  relatively  to  wages,  477 ;  nmrhinery, 
use  of,  in  U.S.A.,  for  pmduction  ofj  540 ; 
rent  as  an  element  in  cost  of,  542 ;  trauft* 
port  of,  in  U.S.A.,  541 ;  weight  of,  re- 
quired per  family,  470.     (S€0  aJao  * 
and  hdffinff,  promtwmt,) 
Foreign  dnties,  supposed  effect  of 

of,  461. 

Foreign,  iron  trade,  alarm  in  respect  to,  6$1 
iron   trade,  conifjared  with  British,  7l 
iron  trade,  extension  of,  5. 
Foreign  matter,  different  mcnles  of  freeing 
pig  iron  from,  376 ;  matter,  effect  of,  in 
blaift  f urr)ace  fuel,  235. 
Foreign  workmen,  ccjst  of  living  of  484 ; 

mode  of  living  of,  484. 
Fossil  coal,  use  of,  in  blast  f  unuice,  13. 
France,  Central  and  Southern,  ns  exporter 
of  iron,  706  ;   coal  in,  4-10;  coal  working 
in,  510;  importations  into  and  make  of 
iron,  1866  to  1880,  4fi7 ;  imports  of  in)n, 
4<56 ;  iron  ore  raiiMxl  in,  467 ;  iron  tnule  i 
lictwcen,  and  Great  Britain,  466 ;  North 
of,  coat  of  provisions  in,  482  ;  poiiitioa  of, 
in  the  iron  manufacture.  442, 
Frt*e  trade,   lienelits    conferred    by,  488; 
effect  of.  In  Great  Britain  and  on  th© 
Continent  of  Eurt>pe,  495 ;  Right  Hon, 
John  Bright'j*  remarks  on,  490. 
Freight  on  pig  iron  to  Americji,  604. 
Friderici  on  use  of  cliarooal  in  blavt  fur- 
naces, 2S4, 
Fuel,  combustion  of,  in  blast  furnaces,  140; 
comjumcd     in     Ljmcashire    tires,    347 ; 
dimiimtion  of  full  beating  power  of,  99  j 
economy  of,  by  alteration  in  ei>rn>truction 
of  furnace,  73 ;  economy  of,  by  altering 
tnetliod  of  charging,  100;  economy  of, 
effected  by  hot  blast  in  different  local i* 
ties,  82;  effect  of  foreign  matter  in,  235; 
expulsion    of   gaseous    matter   in   blast  ^ 
furnace  from,  234  ;  in  furnace,  effect  of 
CO  J  (c4Lrl)4iuic  acid)  on,  295;  loss  of,  in 
gmelting  20  unitx  of  ir<jn,  237  ;  minimum 
of,  required  in  smelting  Cleveland  iron,  99; 
possibilitiei*  of  further  reductions  in  con- 
sumption of,  145 ;  preliminary  treatment 
of,  46 ;  small  consumption  of.  In  certain 
Cleveland  furnaces,  117 ;  used  in  heating 
blaj*t.  cost  of  and  monc?  saving  effecte<l 
by,  91 ;   value  of,  in  blast  furnaces  de^ 
pendent  on  ii\ed  carbon,  234 ;  waste  oft 
by  deiicient  production  of  carbonic  acid»  * 
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Fcicl — Continued, 

107 ;  wasU'  of,  bj  irregiiki'  distribution 
of  reducing  puses,  lU  ;  waste  uf,  in  blast 
fumftce  wfeere  Hni  contains  carlK)nAt«*  i>f 
ma^^iiL.  58;  wast©  of,  in  furnaces  of 
small  ciipftcitv,  123.  (SL»e  also  coal^  cojri?, 
charcoal,  blattfnrnaes. 

Fnmc,  analysis  of,  22^i;  blast  furnace, 
fKJcnTTcnce  of*  174 1  cotiipoftition  of*  at 
diff^ra^nt  levels  of  furnaces^  230 ;  of  blaiit 
fonuuMS,  Bubstanccs  found  in,  229. 

Fmnaceii  Uaat,  capacity  of,  and  t€mi>erature 

of  blatt  convertible  tenns,  247 ;  blown 

with  superheated  air.  workinsr  of,  107; 

^  charcoal^  capable  of  turning  out   larjs^ie 

Snantities   of    Iron,    133 ;    charcoal,    in 
weden,    working    of,    130;    decreased 
make  at,  aiuoiuit  of  losd  entailed  by,  SS^I- ; 
importance  of  Ahaj^e  of,  268;  diameter  at 
tayeres  of,  124;    effect  of  enlargcmeut 
of,  and  its  analogy  with  the  action  of 
.  )iot  blast,  84 ;  effect  of  increased  diroen- 
[^OQA  corajiarod  with  that  of  heating  the 
[blast,  8G ;    enlargemeot  of  diaTiieter  of, 
■124;   importance  of  flhape  of,  124;    in- 
^  «;reaae  of  height  and  locrease  of  diainetcr 
conBidered,  124;  large  make  in  small,  in 
Scotland^  121 ;   of  different  dimensinna, 
I  duty  performed  in,  75 j  of  different  diraen- 
I  noUB,  pesolts  obtained  by,  85  ;  of  48  feet 
»tid  80  feet  i  n  liei  gli  t  etjm  pi  red,  112;  poi  ii  fc 
at  which  further  enlargement  is  ueceKsapy 
in,  123;    fti/e  and  temix'mture  of  blast 
of,  124;  STJjelting  Bilhio  ore*,  working 
of|  113.     (See  also  hlanf /HrnaceA.) 
Fusible  alagB,  production  of,  in  blast  fur- 
nace, 57. 
Oartsherrie,   ooab,    average    quantity    of 
ctxygen  in,  314;   fumaoaSp  pri>duction  of 
Bulpbate  of  ammonia  in,  327;  furnacee, 
recovery  of  tar  and  ammonia  from  gases 
at,  814. 
Gaoeaus  f nd^  probable  f ntnrc  use  of,  329. 
Qaaeai  action  at  different  levels  of  blojst 
fnrnace,  222 ;    action  of,  on  spongy  iron, 
221;    alteration  in  quantititis  of  CArbtrti 
and   oxygen   in,  215 ;    hulk  of,  pa^tsiug 
over  ore  in  furnace  using  raw  coal,  323  ; 

Bunsen  and   Play  fair**  eiperiments  on^ 

b^806;    oarboi)    from    fuel   calcukted   by 
Isverago  composition  of,   269 :   carhonic 
r«oid,  disappeaniTKv  at  Orme^by  furnace 
*  fill  248 ;    carbonic  utid  iii,  at  Orniesby, 
252;  carbon  in,    at    different    levels    of 
furnace,  208;    chungei    in    composition 
in,  a»  indiiiLtion  of  changes  in  ore,  207  ; 
-  changes  of  composition  of,  as  they  rise  h\ 
►  bla«t  furnace,  201 ;    conip<:«ttion   of,  at 
diiferent   levels*  of  furnace,  210;    com- 
position of,  lu  furnaces  of  '48  feet  and  80 


feet,  73;  cofir  '  '    ^ 

emitted  in  > 

121;  escapiuj^  ..,. ...^-    .  ...  .j,  938^ 

escaping,  composition  and  t«mp9Btari 
of,  1 77 ;  escaping,  effect;  of  charing  «b 
tein]H?niture  of,  17U ;  eacaping^  eitiialf 
of  oxygen,  in,  207  ;  e^cjftpitjg,  exhtvte 
of  reducing  power  of,  SOI ;  etoapin^frw 
blast  furnace,  analysis  of,  68; 
from  blast  furnace,  carbon  coab 
68;  escaping,  fn>m  Scotch 
analysiit  of,  317;  escapinir. 
sequent  on  weight  of.  111 : 
oxidation  of  carbon  and  bydrrfen  iflj 
compared.  319  ;  escaping,  ndaaii|  f " 
s^  affected  by  scaffolding,  253;  ( 
use  of,  in  heating  blasts  351;  i 
utilisation  of,  23;  eiaiiiliiff,  voi 
composition  of,  178;  escaping, 
of,  318;  furnace,  adaptability  dC 
steam  boilers,  etc.,  327;  given  oft  ! 
coke  heated  in  taeuo^  105 ;  heat  < 
unntiVised  in,  240;  beat  loit  tn, 
Drmciby,  248;  in  Beacemer  •'Wiw',* 
alteration  in  391 ;  in  BesMnier  ''Is 
reducing  power  of,  392;  in 
nature  of,  389 ;  incrciiso  of  00^ 
blast  fnanace,  178;  of  bajiic  blow,  1 
carried  off  in,  424;  of  bla«t 
hydrogen  present  in^  306 ;  Iocs  of  but] 
73  ;  oxygen  in,  270;  prolonged  s 
on  solids  by  diminution  of  volun 
recovery  of  tar  and  ammonia 
reducing  energy  of,  intensified  by  hyi 
gen,  313  ;  relation  of  nitrrngen  to  « 
and  oxygen  in,  270;  satnmtifm  of,  1 
oxygon,  98 ;  unable  to  rodace  iron  »^ 
one -third  of  carbon  lain  form  of  ( 
acid,  239;  w&ste  of  heat  caused  1 
of,  from  bla«t  furnaces,  73 ;  we  _ 
compt^ition  of,  from  large  fon 
204;  weight  and  composition  v/t, 
email  f  itnmces,  206.  (Soe  alao  i 
nacet.) 

Gernuin  export  trade,  nature  of,  47! 

Oertnany,  coal  resonrces,  448 ;  coal  \ 
in,  514  ;  cost  of  living^  at  diffe 
of,  485 ;   eo3t  of   maintenance 
works   in,   48i ;    cost    of    prov 
483  ;  effect  of  protective  duties  j 
exports  of  iron  from,  474  ; 
pig  iron»  Slc,  from,  4-1-5. 

Girders,  &c.,  export  of,  from  GermAnj  i 
Belgium  to  Great  Bntain,  703. 

Gjers,  J*,  "  soaking  pits  "  of*  440. 

GlajEed  iron,  analyses  of,  162;  modecfC 
recting  production  of,  163* 

Gow,  T..  ftimiing  in  Great  Hritalo,  Sll  ' 

Grade  of  iron  not  neceasarilj  affected  ( 
quantity  or  quality  of  carbon^  258. 
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iinctt  a  Coinpimy'i  expcrienw  of 

fig  fuvuttces,  37l>. 

<y«fctiviili/s    (Loixl)    cold    bloat   funmces, 

tvoiioiiiv  «>f  fuel  by  iiicrciise  of  aixe  of, 

»5.         ' 

Or»}thite^  aiialju'ues  of»  separated  trom  pig 


Or 


n'ture  of  Sicmen«-Mariin  steel 


Croat  Briuiin  n»  an  iraii-prwiiicms  country, 
715  '.  f'lniTit^o  \u  f'hfi meter  of  luinerals 
u  ircGs  of^'Aiy;  coni- 

]  .:  ill,  ^<;>5  ;  cost  of 

n^i  itujiui.ii  lULMMu  in,  496;  exjiorts  of 
iron  friJin  isyi  to  1882,  i^i ;  iron  ore 
It?Ht>urce«  of,  4 10 ;  Imboiir,  iiiiuviised  coat 
'  of.  iiir  'H7  ;  lin^  mea&iires  of,  457 ;  liuiB- 
stone  rcHourr^s  »f,  161 ;  muke  nf  pig  iron 
in.  ill  17*0.  443 ;  ttuike  of  pig  irt^n  in, 
1830  to  1H82,  154;  midl«ibk»  in m,  pro- 
duction nf ,  ill,  4(>0  ;  jiositioii  for  tnanti- 
frtcturcMf  BcsseuHT  jug:  in,  451  ;  prti^ress 
tjf  invention  in,  'U3 ;  i| nan ti ties  ot  pic 
injii  matle  in,  443;  relative  position  of 
mining  rc*oureesof,  587;  sourceji  of  iron 
ore  priHlaJClion  of,  453  ;  supreutAcv  <>t  iron 
triautttWtiires  of,  thrc^tiinod  with  ahate* 
meut,  446. 

Qtcy  iron.»vi"nige  coiuomptioii  of  cliHrcoal 
ill  making,  27b. 

Grevnea^  of  Iron  as  alfected  by  tempemture^ 

Grilner.  Prof,,  on  intluenre  of  Silica  in  pre- 
venting reniovttl  of  pho3»pliorus  from  iron, 
397. 

Hnriiring  Rock,  ironstone  of,  674, 

Hitrristm,  T.  E.*  on  weight  of  rails  luid 
dowii  in  United  Kingdom,  430, 

Hcarlb  of  bbtst  furnace^  oxygen  separated 
•t,  213, 

He^rtb  of  cold  bla«tt  furnace,  beat  of,  140* 

Heartbii*  ktw,  first  nsed  for  uiaklug  bar 
iron,  344. 

HeiLt  ali*ofl>ed  by  dissociation  of  prcxluets 
«if  colli hustiont  "IS;  abs4>rption  of,  in 
bik^te  process  ttt  Iliirde,  i22;  Amount  of, 
for  j^aslHcjition  of  volatile  amstituents 
of  codil,  319  ;  amount  of,  pro^ ided  hy  hot 
bbi^t  and  by  oxidation  of  carbt^n,  88; 
upi>Iiai.tion  of  in  evuporation  of  water, 
] ;  ^  V  .  1  '  1 . ,  n  cc  of  waste  of ,  247 ;  c^dc  ola- 
T  rif,  47 ;  c^irried  off  in  gases 

t  l  utow,    424;    computation    of, 

obtained  Irom  raw  coal  in  bliist  furnace, 
820  ;  dejiirability  of  knowing  quantity  of, 
l^juired  in  smelting,  95;  developed  by 
oxidation  of  carbon,  205 ;  developed  in 
Srr  -  '  ■  ^^Irt;^  j)er  nnit  of  carbon,  96; 
d  I  larger  rtiid  smalk'r  fun tttces 

L  JtJ6 ;  de\  elopinent  in  cold  bbist 


furnaces  at  tuyeres,  85 ;  development  in 
hearth  of  bbwt  furnace*  64;  different 
quikntit^s  of,  alfonled  by  diiTereut  bodies, 
^l  due  to  OKidatiou  of  iron  in  basic 
process.  423  ;  economy  effected  by  succes- 
sive addititmg  of,  to  blast,  265  ;  effect  of 
increase  of,  on  elements  contained  in 
iron,  149 ;  effect  of  re|M»ated  application 
of,  to  Bfjlid  ii-on,  141h  emitted  by  com- 
bustion of  different  varieties  of  cool,  54ll ; 
equivalent  of  cbareoiil  of,  in  the  blast 
funuice,  274;  equivalent  of  Cleveland 
fitrnoce^  using  coke,  and  charcoal  fur- 
naces compared,  275  ;  equivalent  of  coke 
and  charcoal  compared,  281;  eipiivaJent 
of,  obtainetl  from  ci>ke,  241,  260;  e^^ui- 
valent  i»er  unit  of  charcoal  in  Swedish 
ftirnaces,  303;  evolved  and  absorbc<l  in 
blast  furnaccN,  comjjarison  of,  2^i.l ; 
evolved  hy  combustion  with  air  in  cliar- 
rottl  fnrnat^es,  303;  evolved  in  Italic  blow, 
420;  evolvetl  in  fnnnices  of  different.J 
dimensions,  7i :  evohinl  per  20  unitii  (»f 
carbon,  195 :  c\'olved  per  unit  of  carl)on, 
69 ;  evolved  per  unit  f>f  charcoal,  281 ; 
evolved  per  unit  of  coke,  117;  evolution 
of,  by  increase  of  carlxinic  acid  in  gases^ 
178;  evolution  of,  in  reducing  zone,  76; 
expenditure  of,  on  limesttnie  useii  in 
blast  furnace,  594 ;  function  of,  in  upf»er 
purt  of  blAst  furimce,  46;  given  off 
by  fixed  carbon  in  blast  furnaces^  235; 
high  coefficient  of,  at  Urmesby  blast 
furnaces.  254 ;  in  blast  may  be  cstjuivalent 
to  beat  from  fuel,  255 ;  in  blast,  substitu- 
tion of ,  for  heat  in  coke,  2,ji3;  in  escaping 
gases,  2-48 ;  in  escaping  glides  leaving  the 
bUist  furnace,  143;  in  hearth,  bhick  slag 
proof  r>f  insuWiciency  of,  291 ;  iiiterrvp* 
tion  of,  by  materials  in  blast  furnace,  64 ; 
leaving  blast  furnace,  utili-mtion  of,  143; 
kMi  of,  from  chimneys,  143;  loss  of,  ' 
coke-making,  49;  loss  of,  in  escaping 
fttttiACis  gufics,  74;  loss  of,  in  eaoapiu 
gases,  142 ;  loss  of,  in  escaping 
incapable  of  reduction  below  Ci 
limits,  76 ;  loss  of,  in  process  of  coke- 
making,  50;  of  hearth  of  cold  blown 
furnace,  149;  only  jK^rtion  of,  not  U84?- 
fnlly  appro)>nat4iMl  in  blast  furnace,  142 ; 
po^ible  extent  of  substitution  of  in  bl&st  ^ 
for  coke,  91 ;  previous  exposure  of  f u© 
to,  eilcct  of,  in  enabliDg  it  to  resist  i 
of  ore,  288;  produced  in  blast  furnace, 
sources  of,  80 ;  proportion  of  evolved  in 
blajst  furnace  due  to  oxidation  of  c&rboniii 
oxido,  127;  prospective  oconomy  ol, 
blast  furnace,  145 ;  quantity  and  intensity  ' 
of,  from  combustion  of  water  gas,  33*3 ; 
(iiukutity  of,  as  distinguished  from  in- 
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tensity,  49;  quantity  of,  distinguished 
from  intensity,  49 ;  quantity  of,  evolved 
in  ooke-making  by  bee-hive  oven,  50; 
qnantity  of,  in  blast,  per  nnit  of  coke 
bamt,  264 ;  qnantity  of,  lost  annually  in 
Durham  in  coke-making.  50;  quantity 
of,  which  escapes  unutilised  in  gases,  240; 
required  in  basic  and  acid  processes,  com- 
parison of,  421 ;  requirements  of  Austrian 
and  Cleveland  furnaces  compared.  129; 
requirements  for  smelting  two  different 
varieties  of  ironstone,  116;  sources  of, 
in  acid  and  basic  processes,  419 ;  sources 
of  loss  of,  in  blast  furnace,  80 ;  specific, 
48;  theoretical  evolutions  by  coke  of, 
using  fire-brick  stoves.  264 ;  units  of,  lost 
in  combustion  of  raw  cotd.  139;  units  of, 
required  to  smelt  20  units  of  Cleveland 
iron,  106;  units  or  calories  required  to 
smelt  Cleveland  iron,  95 ;  units  required 
per  20  kilos  of  pig  iron  smelted  from 
Cleveland  stone,  98 ;  used  and  wasted  in 
blast  furnace,  summary  of,  144;  useful, 
in  blast  furnace,  afforded  by  coke,  47; 
values  for  different  bodies  in  basic  blow, 
423;  varying  measures  of,  required  to 
smelt  similar  quantities  of  iron,  95 ; 
varying  quantities  of,  afforded  by  differ- 
ent degrees  of  oxidation  of  the  fuel,  48 ; 
waste,  application  in  raising  steam  by, 
139;  waste,  at  coke  ovens  applied  at 
collieries,  50 ;  water  gas,  heat  evolved  by. 
(See  also  blast  furnace.) 

Heated  ur,  figures  illustrating  the  saving 
of  fuel  by,  86. 

Heath,  R.,  experience  of,  with  revolving 
furnaces,  370. 

Heath's,  I.  M.,  addition  of  manganese  to 
crucible  steel,  383. 

Heath's.  I.  M.,  process  of  steel  making,  426. 

Height  of  blast  furnaces,  no  uniform  law 
for  determining,  145. 

Hematite  furnaces,  smelting  Bilbao  ores, 
work  of,  113. 

Hematite  ores,  resources  of,  in  United 
Kingdom,  450. 

Hewitt,  A.,  on  cost  of  pig  iron  in  Southern 
States  of  America.  585. 

Higli  Level  Bridge  (Newcastle)  quality  of 
iron  selected  for,  150. 

Hindoo  process  of  steel  making.  436. 

Hot  blast  and  cold  blast  iron,  difPerences  of 
quality,  152 ;  Fairbaim's  experiments  on. 
150. 

Hot  blast,  Duf renoy's  examination  of,  81 ; 
Dunlop  k  Company's  saring  by,  81 ;  E. 
A  Cowper,  improvements  by,  24;  effect 
of,  compared  with  that  of  enlargement  of 
furnaces,  84;  effect  of,  on  quality  of 
iron,  148;  examination  and  theory  of 


action  of,  81 ;  ezamiiiAtic 
noy.  81;  explanation  of 
fuel  used  for  heating.  91 
possible  by,  at  1954*^  P^  i 
of,  in  Sweden.  154;  int 
and  cold  blast  iron,  14 
241;  saving  effected  by 
to  iron  smelting,  81 ;  *t 
in  early  days  of,  22.  (Sec 
naee,) 

Hours  of  labour,  British  an 
pared,  500. 

House  rent  and  board,  cost  < 
vations  on,  489. 

Hydro-carbons,  value  of,  in 
235. 

Hydrogen  and  compounds 
furnace,  305 ;  and  other  g 
307;  and  oxygen  in  esc 
Scotch  furnaces,  320;  ai 
agent,  322 ;  compared  wit 
ing  agent,  310 ;  content  of 
coal,  314;  decomposition 
CO  by,  312,  824 ;  diflica 
exact  quantity  of,  in  blast 
306 ;  doubtful  utility  of,  in 
309 ;  enquiry  into  value  o 
iron,  329 ;  generally  presc 
furnace,  305 ;  in  '  heart! 
caused  by  water,  305  ;  m 
carbonic  oxide,  in  reduc 
ore,  310;  not  proved  to 
agent  in  coke  furnaces,  : 
in  blast  furnace,  320;  o: 
blast  furnace  by  oxrgen 
presence  of,  due  to  ImjM 
wood  or  coal,  305;  pro 
Mickle  in  smelting  iron, 
of,  ascertained  by  its  oi 
water,  306 ;  quantities  of, 
nace  gases,  306  ;  reducing 
furnace  gases  intensified  b 
ing  power  of,  in  blast  f oi 
ducing  powers  of  mixture 
CO  intensified  by,  313  ;  si 
of,  for  O  compared  with  C 
also  hl(ui  fitrnaee,) 

Import  duties,  difficulties  att^ 
of,  584 ;  in  Germany,  581 ; 
charges  on  pig  iron,  Ameri 

Imports,  of  iron  by  non-pr 
tries,  467 ;  of  iron  into  Ores 
of  ores  and  exports,  452 ; 
Spun,  450. 

Impurities  present  in  limestc 

Ingot  iron  t?.  welded  iron  foi 

Inpots,  steel.  Alex.  Wilson's 
mg  reheating  of,  439. 

Intensity  of  h^t  distinffoisb 
tity,49. 

International  Exhibitioas,  va 
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IntoxieuHng  drinks.  Dr.  YouTig  on,  4£K); 
use  of,  in  Great  Britain  and  in  foretg^n 
coantriefi,  401. 

lodirie,  Jiction  of,  on  metallic  iron,  193. 

Ir^^n  A^e,  n'tiiarks  rrf ,  on  Baker'a  costs  of 
iron,  695, 

Iron,  and  curbcin»  t^'mpcrtituroH  at  wliirb 
Ujcy  are  ac  U^d  on  hy  cnvtKnnc  actd,  71 ; 
and  ciirU^n,  tt^ndency  to  cJnudMne,  160 ; 
uiul  steel,  future  Unprovemeuts  in  manu- 
facture of.  708;  and  steel,  probability 
td  fijtnre  iuiprtivements  in  nmnnfacture 
of,  7CWi ,'  and  steel,  quality  of,  deter- 
mine<l  by  lotnj^Kxsition,  405 :  eliangvs  in 
innTHifiicture  of,  2;   ebarcoal,  exj>ensive 

ITT  "    '^ -r'  of,  in  LInitetl  Ktng:doni,  5o  ; 

i  Vo.  3,  theoretii'al  weight  of 

C'i  ,      r4l  to  make  a  Urn  of+   105; 

consumption  of,  per  head  in  different 
coon  tries.  i70;  cost  of  minerals  for 
inaniifactnre  of,  5SH ;  coflts  of,  by  \V.  K. 
S.  Baker,  in  Eastern  State.**  of  America, 
695;  differenee  in  make  of ,  when  using 
cbarconl,  eokeand  unthraeitc  respectively, 
13E  ;  disappcaitiTice  of,  in  ancient  monu- 
ments, 8;  extended  «*euf,  17;  foundries, 
early  mention  of,  12;  fnmi  blast  furnace 
oontaining-  no  earljon,  spetunen  of,  1131  ; 
grvj,  retining  of,  350 ;  liardening  of,  by 
CKCesM  of  snlpbnr  in  eoke,  103 ;  im* 
port«  into  Great  Britiiin  from  Gennauy 
and  Belgium,  581  ;  iuiprnvcments  in  urn- 
iiufsK^tnrc  of,  cPfeet  of,  586 ;  inerease  of 
foreitni  mannfaeture  of,  2 ;  iudieation 
of,  in  ores},  9;  large  mass  of,  in  column 
at  Delbi,  10 ;  making  countrii's,  eom- 
ptimtive  ad%iintage^  of,  -103 ;  nifdl  cable, 
future  of,  2.H;  manufiictnre,  effect  of 
improvements  in,  on  Briti,sh  irrfti  tnitle, 
6;  miinufdctnre,  future  of,  28;  nianu- 
fiictnre,  Uii«t<nical  notice  of.  8 ;  nmuu- 
fflcture,  iKisition  of  workmen  e*mneeted 
there witb,  708;  mantifaettire  of.  pro- 
grC9ft  tjf,  in  18tb  century,  15;  manufac- 
ture, prtisi)ect  of  furtber  improvements 
itij  587 ;  manufat*ture,  Hkill  uf  different 
nattouM  in,  582;  manufactures,  eiport« 
from  Ik'lgimn,  579:  manufactures,  ex- 
port«  frtmi  France,  579;  manufacturer, 
expfirt^  from  Great  Britain,  579;  manu- 
f a  1  Mjrts  f roin  United  States,  579 ; 

J  J  H  in  Germany,  devebii»inent 

tjl  of,    579;    manufactures   of 

V  lin,   competition   with,    678; 

111'  ;  tiative, 8j  oldermodci*af  ma- 

nuiucttire  of,  eumimred  with  modern,  27. 
tiig  and  bar,  table  of  costs  of.  In  Kastern 
itnUy^  of  America,  696;  poflsible  early 
firfmuitioii  of  tooU  of,  10;  pfe*cMit  pro*- 
p%^  of  tnule  in,  711  :  pjimitive  mi>des 


of  manufacture  of,  9;  pvoihicing  conn- 
tries  compared.  578 ;  pT*op|M*ct  of  future 
impn>vements  in  mannfacture  uf,  708  j 
reduced  cost  of,  in  Consequence  of  tm- 
provement^  in  the  manufsicture  of,  29 ; 
refined,  analyjie»  of,  at  Tudb^x'  and  Bow- 
ling, 355 ;  relined  and  pig,  juialvHCii  of, 
3xAi  rcoxidiition  ttf,  by  curbmiic  oxide. 
193  ;  spongy,  effect  of  carbonic  acid  on. 
185 ;  trade!  future  of»  587 ;  trade  of 
America,  604;  workiueii  engaged  in 
manufacture  of,  709.  (Soo  also  bltui 
furnace^) 
Iron  ores,  calcination  of,  50 :  cause 
of  bjgb  price  of.  693;  carriage  on 
niinemlrt  for  making  iron  in  Unite*l 
States,  690 ;  classitkatiiin  of,  455,  499 ; 
clftssiHctition  of,  as  delivered  to  b'aat 
f  urnaciM*  55  ;  division  into  those  fit  for 
fitocl'Rmking  and  those  unfit  for  steel, 
449  i  effect  of  using  nncalclned  in  blast 
furnace,  56;  extent  of  lias  measures  of, 
457;  fuel  cotisuuied  in  calcination  of, 
56;  hematite,  re^ouri'ea  tif,  in  Great 
Britain,  450;  importji  and  eiix>rt8  of,  in 
different  countries,  452;  imports  into 
tJ.S.A,  of,  692  ;  import;*  of,  from  Spain, 
450 ;  ineihauatible  isnpply  of,  for  bafiic 
ateel  manufacture,  451 ;  bibtiur  in  mini?ig 
at,  517;  of  B^?lgium.  659;  of  France, 
656;  of  Gennan  Zoll  Verein,  652;  of 
Great  Britain,  616;  of  U.S.A.,  660; 
of  Western  Germany  and  Kasterrt 
France,  653 ;  prelitninary  treatment  of, 
55 ;  production  of,  in  different  countries, 
451  ;  resources  of,  in  United  Kingdom, 
449;  resources  of  Unitetl  States,  472; 
reatrictcil  output  per  man,  of  620 ; 
«otirce»  of  pHHliiction  of.  in  United 
Kingdom,  449,  453 ;  spathose,  position, 
of,  ill  Great  Hritain,  -ioO;  transport  of, 
in  United  States,  473 ;  wages  in  U.S.A. 
at.  559.     (.See  aUo  blast  furnace ^  *>o»- 

Ironstone,  action  of  carbon  on,  197  *  cooling 
capacity  on  escaping  gaaen  of,  179 ;  earn- 
ings in  Cleveland  at|  617;  earnings  in 
France,  518;  earnings  in  Luxemburg. 
518 ;  earnings  in  Northamptonshire  at, 
517;  earnings  in  Simin,  518;  effect  of 
impn-fcct  t^alcination  on,  240;  tempera- 
ture requlreil  for  deoxidation  of,  191 ; 
wages  and  production  at  working,  com- 
parison of,  518.  (See  also  hlakt  fumacff 
iron  ore.) 

Iron  shipbuilding  in  Norway,  706,  72L 

Irijii  trade,  deprefision  cjf,  1 ;  prcstrnt 
proHpects  of.  711. 

Janie^m'D  coking  procesSi  oil  and  tar  from, 
328. 
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Kt-iitucky  nrc,  692 ;  *^nat  of  eonvejing 
iiujit;TuU  for  \Toti  nnwle  from*  W2, 

Kish  givt/ii  tiff  hot  metalf  155* 

Krinb*!!  process  of  coke-making  described^ 
6iJ  I  rcf iilU  of  trials  of.  53, 

Kiii^htii,  Me&^n.,  manufiictim!  of  Iron  in 

Knipp,  oil  removal  of  phoiiphoriis  from  pig 

iroii,40i. 

IdLbciur,  AgricnltunLl,  in  Etigtaiid  ftcid  oilier 

couutriea,  47& :  and  price*  of  iron,  imd 

pnc£^  of  provisions  in  America,  648 ;  i«id 

prices  (»f  iron  in  Great  Britain  compared, 

b'lS;  and  provisions,  connection  bc*twecn, 

.  e*'st  « if,  539t  553;  at  Middlrsibroiigh,  Mr. 

[Weeks thereon,  699 ;  convict  uud  slave,  in 

Alultaina^  657 ;   cost  in  chcuiical   works 

in  ICnglandt  50i;    cost  of,  in  Northern 

and    Soiiibern   States  of  America.  55-4 ; 

^co«tt  of,  III  working  coal  in  Great  Britain, 

)ii5 ;  cmi  on  lEhine  and  in  Great  Britain, 

ffiCH-i ;  difBcnltici  in,  710 ;    economy  of,  at 

f  l)lji.«t  furnuocs.  525  ,  furminitri  i"  America 

tiid  Xortli  of  England  compared,  533  j  in 

^mtricii,  J.  D.  Weeksion,  574^;  in  America, 

[liightfr  cost  of,  574 ;  in  Great  Britoin  and 

I  Continent   of   £nrot)e,   -iOS;    in   United 

L 6 tales  of  America,  539  ;  Irish,  character 

leff  4^i ;   price  dependent  on  co«t  of  pro* 

Lvisioiu!,  539;    proportion  of  cost  of  pig 

I  iron,  175 ;  severitj*  of,  in  puddling,  3(t5 ;  on 

1 1)nilding  of  iron  ships,  501 ;  on  building 

*©f  iron  ships,  English  niid  Foreign  eom- 

pArcd,  602, 706 ;  slave,  in  AhilMiina,  557. 
Labouring  cUtMics,  imjiroved  condition  of, 

478. 
Lake  Cliam  plain  ore,  cost  of  eonvejing  mine- 
ral for  injn  uuide  from,  G91. 
kc  Su|>crior  ore^  cost  of  conveying  minc- 
'^fala  for  irtm  made  from,  690, 
Lancashire  and  We«t  Cumberland,  iron  ores 

of,  458. 
Lancashire  fires,  analysis  of  sing  from,  3*46 ; 
continued  use  of,  in  Sweden,  154;  fuel 
consumed  in,  347 :  method  of  \v(»rkiiig  of, 
317;    tptidity  of  iron  prodiicinl  by,  341; 
quality  of  Iron  u»cd  in.  276;  stili  u&ed  in 
Sweden  and  Russia,  345. 
Lead,  presence  of,  in  blast  furmicc*.  228. 
Ijife  of  rtilU,  duration  of,  37H. 
Lignites  and  }>eat,  comj>oHition  and  qtialitim 
of,  13tl;  inferiority  of,  for  smelting  iron, 
137. 
Lime,  affinity  of,  for  sulphur  at  hign  tem- 
peratures, 58  ;  a&MH-iiitf  d  with  carbonate 
of  magne«ia  in  United  i^Uites  58 ;    be- 
havionr  of,  with  carbonic  acid  at  high 
temperatures,  60;    effect  of  sublimating 
irtllucnco*  on,  in  blaat  funiace,  232  ;  ex- 
cewi  of,  required  to  free  iron  from  sulphur, 


TtN  : 


.X        Trr      n,.- 


in,    57 ;     prd 

tjujirr\  8, Iff.. 


Liii! 

CjUciued,  u*ml?  nf. 

carlxin  carried  oil 

216 ;    carbfiii   o^ridiNcd  by  carhifl 

in,  107;    diKiM^tusiiiL'   \\iih 

expen(»e  attending 

de^ici«it«  of,  57:  w  • 

of,  when   iu 

different  cfv 

tent  of  iufl4;ti»  >ii*  m,  .^o  . 

purities    prencnt 

treatment  of,  57  : 

Tning  in  North  of  Ei 

objection  to  u^  of,  in  ^ 

reaonrces  of,  in  UnitA-Hl    Kiu^^da 

«ilica  and  alumina   in,   57.      (iS 

Mast  furnace ,  carbonic  acid,} 
Limitf  of  u.^eful  ^izc  of  fanuusiia  i 

perature  of  blast,  124. 
Liijuidlty  ul  iron  neeedsarj  for  nsmuv^ 

phosphonif ,  398, 
Ltthta.  pretsencc  of,  in  blast  tuntmcm  Ai 

229. 
Living,  cost  of,  in  different  cv?ut)hi«i«  i 

coEit  of,  in  the  Norf li  nf  Englmid,  t 
Locnniutive  and  marine  bailers,  itou  i 

able  for»  373. 
Locomotive  engines,  loss  of  licatinf  pc 

of  fuel  in.  139» 
Low  fire,  result  of  Uutjwing  cr«  «tt 

66. 
Liuemburg,  cost  of  food  iti^  618  ;  oc%i 

position  of,  654. 
Machinery,  exf)t>rt4i  of  from  Grvttt  Brill 

Belgium,  and  France,  579 ;  esporta  I 

United   States.  5«0, 
Macaulay  on  cost  of  living  in  ]     _ 
Magnesia,    compoun<l    of*  with    *ili 

lime,  5H  ;  effect  of  pres^-nce  «>f  ^ 

fctcHie,  58. 
Jkfagnesjum  found  in  pig  iron,  167«  j 
Malic-able    iron,  bnunU   uf    pjir 

f<tr,  153 ;  competition 

girderi*,  534  ;  cost  of  l; 

countries,   comfiariwm  of,  .i.iij 

labour  at,  in  Great  Britain 

Contiaent  com  panti  52l» ;  coat  . 

iug  in  1727  at  Stotir  Work*.  34d| 

pritceattCM  for  making,  W  ;  direcll 

in  America,  kc^  31 ;  dii'ect  prucesa  In  J 

and  Africa,  30 ;   effect  of  gtcel 

production  of«  459  ;    English  and 

i*h,  analysis    of,  3-15;    Uuctu 

co«t  of  labour  in  mauufacture  i_ 

from  cold  bladt  Clftnmce  pig  not  i 
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JTnUcaMe  iron— Continue. 

to  hot  bliwt,  150  ;  Ubonr  at  forges  aiid 
milU*  530;  labour  at  maiuifttcture  of, 
5:^5  ;  iiinkc  iti  Great  BritiL;ii  of»  4-60  j 
innk*?  oft  iu  the  North  of  Kngliitid»  459 ; 
inaiiufuoture  of,  iu  low  hearths,  3'I4 ; 
ffiajiufnctiire  of.  hi  Unitetl  State*,  56li ; 
iiit'cbaiucal  puddling  in  laanufucture  of, 
528;  production  c>f,  in  Uuitt'd  Kingdnm, 
40<"h  ptiddling,  cost  of,  iu  United  8t»ites 
and  Eiigliud^  5f>7 ;  quautity  of  hearth- 
TtitlfiitMl,  pndtictHl  iu  Russia  aud  Swt?deti, 
'A'iS;  suj^trioritY  iu  jitren^^th  of  Besaeiner 
httol  ovir,  385 ;  wages  iu  tniUs,  United 
Stiller  from  1870  to  1881,  570.  (See 
nl-1  bmhr  plates,  369,  373.) 

>1  ii&  a  constitueut  of  iron  ores, 

t  of,  iu  iron  and  steel,  166 ; 
iir:ujis  udditiou  of.  to  cnicible  st^-el, 
383  J  retjuires  high  temperature  for  re- 
duction. 165;  use  of,  iii  Bessemer  pro- 
cess 20. 

Muiiafactures,  effijct  of    tntroductiou   of, 
t75. 

Miirki  tjs  open  to  British  taaiiufHcturer,  489. 

Mitt  fill,  E.  R,  on  consumption  of  eoku  with 
iiri   brick  j*t<.Aes*  iio7. 

>l«>.oor^,  |ir<.»ti'i'tion  of,  by  depofiited  ciir- 
V)OTt  in  hlrL«t  furuacoH,  222. 

Mj   rniU,   trre^lar   descent   of,  iu   blast 

licnl  pitddliug,  trials  with,  365, 

1 1,  effect  of,  in  inducing  carbon 

,  182. 

AitL-.i..  . V.-,  l/cliaviour  of  pig  Iron  in  rtlatioii 

to,  154;   behaviour  of,   while  charge  i« 

lioing  leliued,  359;  contents  of,  in  steel 

snid  iron,  -i35;  expulsion  of,  iu  Bc,«seiijer 

t^tul  ofhfT  prcfcejise*,  388;  inrtueuec  of,  on 

f   pig  iron,  155  i    reaction  of, 

j?i    process,  ^i30 ;    removal  of* 

u-   MiM.. vd  by   high  temperature,  400; 

removal   'fft  by  various  pn^'esses,  308; 

removiil  of*   from  pig  iron  a»   aflfecti^ 

by  temperature^  400;  removal  of,  from 

pig  iron    in    Styria,  397;    removuj  of, 

in  Besseiuer  process,  391 ;   removal   of, 

in  reHoiug  proceAS,  355;  ^['paratiou  of, 

in  puddling  furnace,  36U;  tran^sferenee 

of,  from  east  to  wrought  iron  at  high 

tempemtnre,  160.     (See  also  Hajii  fur- 

Hiekles's  proposal  to  (ue  hydrogen  in  bkst 

furnace,  329. 
Mineral  carbon  compiired  with  vegetable, 

30i. 
Mini^rals  used,  oonncctioii  with  quality  of 

tr<iu,  151. 
^1 J  turn,  cost  of  Living  in  the  North  of 

Eugknd  of,  4S7* 


Missouri,  iron  mountain  of,  676 ;  ore,  cost 
of  conveying  minerals  for  iron  made 
from,  692  ;  wages  of,  677- 

Mixtnres  of  carbonic  oxide  and  carhonio 
aeid,  reducing  i)«jwers  of,  fnkmsified  hy* 
hydr^jgen,  313  j  of  carbonic  oxide  and 
carbonic  acid,  reduciujj  jwwer  r^f,  813, 
(See  alno  blast  furnace^) 

Moisture  contained  in  coke  and  clmrcoal, 
236 ;  in  air  blown  into  fnnmce.  241. 

Monkbridgc,  ceonomy  of  revolving  jjuddl* 
ilig  furnace  at.  374. 

Mono[X)liHU  iu  Great  Brititin,  PbiWlelphia 
press  on,  577. 

Mushet«  connection  with  Bes»cinor  process, 
383 ;  diM;ovcry  of  vnlue  of  maiigaiicse  iu 
Bessemer  process,  20. 

Nail  rods,  cost  of,  in  1727.  350. 

Nancy  ore.  earthy  constituent*  of,  com- 
[Mired  witli  Cleveland.  171. 

Niksmyth.  Immmer  of,  26. 

NeiWm,  J.  B,,  application  of  hot  blast  by, 
81 ;  hot  blast,  invention  by,  16. 

New  Jersey,  flux  required  in  AUieUing 
magnetic  ores  of,  58;  ore,  cost  of  con- 
veying minerals  for  iron  made  from,  691. 

Nitrogen,  e-itimate  of  O  and  ('  in  furtiace 
gfise$  therefrom,  271;  in  Cf4d  dieisi}mt«d 
by  coking,  326 ;  in  furnace  gajics,  270 ; 
proixjrtion  of  to  carbon  in  blast  furnace 
gases,  68;  quantity  of,  in  Scotch  coal, 
327, 

North  America,  coal  retfourees  of,  448. 

North  of  England,  cost  of  living  in,  4^7; 
pn>diictinn  of  malleable  iron  iu,  459, 

North  Staffordshire  smelters,  use  of  raw 
c^al  by,  122. 

Northern  tStates  of  America,  difficulty  at- 
tending innunfactnre  of  iron  iu,  689; 
weight  of  iron  ore  produced  in,  690. 

Norway,  iron  Hhipbuilding  itj,  706,  721, 

Oolitic  ores,  ftiuelting  of,  with  Derbyshire 
i*aw  coal,  324. 

OpeU'heartli,  aud  Bes^iemer  steel  compared, 
432, 435 ;  steel  boiler  plates,  ice,  analyses 
of,  434;  steel,  certain  coat^  of  manufac- 
ture of,  432  ;  steel,  qtudity  of,  compared 
\*ith  that  of  Be&iemer  steel,  434;  steel, 
statistics  of  production  of,  432. 

Ore,  advantages  of  their  free  ejtpoirare'  to 
retlucing  g;iseR,133 ;  andcoul,prcifiton,per 
ton  of  Iron  in  U.S.A.,  694 ;  and  fuel,  mix- 
ture of,  exposed  to  mixtures  of  carhoiuo 
oxide  and  carbonic  acid,  28() ;  changes  iu» 
during  de^K'ent  in  furnace,  219 ;  changes 
in,  estimated  by  cluinges  in  ga«es,  W^i 
cost  of,  for  steel  making,  387  r  differ- 
ences in  reduction  of,  82;  effects  of 
difference  in,  in  blast  furnace,  94;  im* 
ported,  cost  of  conveying  mineraU  for 
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Ore —  Continn^, 

iron  made  in  U.S.A.  from,  691 ;  in  cliar- 
cnal  fumnccs  not  reduced  in  four-ftfth* 
of  heiglit  of  funtace,  298 ;  in  cluircoal 
furnace,  withdrawal  of  oxygen  frona,  296; 
of  iron,  impiTrtatioQH  of,  into  Great 
BrUidn*  eau»c  of,  3  ;  oatjmt  of,  in  dpve- 
laiul,  520  ;  outpnt  of,  in  LuxcmbnrgT 
619  ;  \t\^  iron  obtained  in  United  Kin^- 
doui  frtim.  386  j  proceRS,  a  form  of 
ldiro<*t  prot'CR^t  35  :  proix'^i*   for   making 

|'iOpen'hL*arth  Ktctl,  130;  cinantit}-  of  carbon 

ffequired  for  redat^tion  of  iron  in,  33; 
'quantitj  nscd  in  United  Kingdom,  386 ; 
THwiuction  of,  in  blast  furnace  by  carbonic 
oxide,  82 ;  re-oxidation  of  reduced  iron  in 
by  watery  vajwnr,  321  ;  suitable  for 
manufacture  of  gt4X»l,  386;  teinpcratnre 
retjuiretl  for  reduction  of  iron  in,  33. 
(See  also  hlwd  furnace^ 

Ornitfsby  fnniaces,  consumption  of  coke  at, 
269  \  formula  for  estimating-  carbon  from 
coke  used  in,  273 ;  beat  cocflicieiit  at,  254 ; 
loss  of  beat  lu  escaping  guses  at,  248. 

Osmund  furnace,  11. 

Ovens,  lined*  use  of,  in  Durham  for  i?oke* 
making,  51. 

Overblow  in  Bessemer  blow,  dense  brown 
fumes  caused  by,  418. 

Oxidation,  of  carbon,  de^ees  of,  251  ; 
dtffertnit  quantitiei*  of  heat  atfordeil 
by,  48;  of  carbon,  beat  dev'e!oiH?d  by, 
205 ;  of  carbon^  hi3at  prixluced  by.  8S ; 
of  charcoal  when  burnt  %vitb  super- 
heated air,  303;  of  iron  by  carbonic 
acid,  18-1 ;  of  iron  in  basic  proems,  he&t 
from,  423. 

Oxide,    carbonic    (see    carbonic    oxide) ; 
of   iron,  amount   of,   used   in   pnddllng 
Cleveland  iron,  365;  of  iion,  action  of 
carbonic   oxide  on,  70;  of  iron,   action 
of  carbon  on,    197 ;  of  iroti,   artificially 
t*mr«pared  cxpcrimcTitcf  on,  83 ;   of  iron, 
llottoms  for  puddling  furnace,  suggested 
Fby  S.  B.   Rogers,  351 ;  of  iron,  t-liange 
Pof  grey  to  Avhite  iron  by  contact  with, 
159 ;  of  iron,  di^fassoeiation  of  carbonic 
oxide  by,  189;  of  tr«»n,  effect  of  increaised 
use  of,  in  piuhlling,  362 ;  of  iron,  experi- 
ments ^Tth,  for  dephosphorizing  iron,  396; 
of  iron»  in  ba.sic  Klag  at  different  periodi* 
of  blow,  418  ;  of  iroUj  ineapuble  of  being 
completely   i-etluced  by   carbonic   oxide, 
291 ;  of  iron^  reduction  of,  by  carbonic 
oxide,  186;  of  irctn,  reduction  of,  near  to 
tuyeres.  173;  of  iron,  use  in  converter,  406. 

Oxides  of  carbon,  antagonistic  forces  of, 
in  blast  furnace,  184;  effect  of,  on 
l»ebaviour  of  uiaterials  in  faniace,  183. 
(Sec  blast  furnact.) 


Oxygen,  absorption  of,  at  different  i 
of   BeRscraer  blow,  391  ;  al>fioriitioii  ^ 
by  (Silicon,  Jtc,  in  Be- 
amount  of,  re^jnired  t 
metalloidi  in  reiinen.  ; !, 
alteration  in  «|uautitie$  <jf,  m   fiini 
gases,  213,  214;  and  carlioti,  at  dilTn 
leveU  of  furnace,  212;  jit  t overt*,  ~ 
men    and    Tnmer    tbereon.    212; 
carbon  in  farnoce,  irregiabtritie<  ifi  ^tii( 
tities  of,  206 ;   ccnnparative  aniomit  < 
in  iron  and  ba«ic  sUm^I,  413;  contributl 
by  calcined  li nic??t«tie,   211 ;    e*tin 
of,  in  gases,  207 ;  in  coke,  104  ;  in  ^ 
Ci^tinmtion  of,  270 ;  in  minerals  and  \ 
ftir,  mode  of  calculating^.  271  ;  in  \ 
of  iron,  acidification  of  carbonic  c 
118;  lo8A  of,  by  oxide  of  iron  I 
sure  to  reducing  g«aes,  121 ;  of  | 
blast  furnace,  limits  of  me 
by,  79 ;  quantity  of,  in  coke,  237f 
titles  of,  in  gad43^  at  different  ler^l 
required    for  acutlflcatinn   in   ~ 
process,  410;  saturation  of  g:&9(M| 
furnaces  by,  77 ;  separated  at 
bkst  furnace,   213 ;    Tncker*t 
esttmating  quantity   in    roaltci 
373;  witbdrawoJ  of,  fr*jra  (»«?  in  i 
fnmace,    296.   (5S<je   alao   hla*t 
carbon   and   earbonic    Qjride   and 
honic  addS) 

Peat,  use  of,  in  Vordenlnirg  fumaoai,  1| 

Pecten  scam  of  ironstone,  Ulei.'claiid,  11^ 

Percy,  Dr.,  work  on  iron  by,  25. 

Pemot  f  urnocei  -133 ;  n«©  in  purifying  i 
by,  433. 

Petroleum,  experimental  ate  of.  In 
furnace,  137 ;  injected  at  tuvenets,  1 
smelted  by,  342. 

Phoisphate  of  lime,  decomposition  o^  ] 
iron,  410. 

Phojiphoric  acid  volatile  at  high  temp 
turcB.  397. 

Phospboru.H,  almost  inrariable 

in  iron-making  tnnteriaU,  165;  audi 
phur,  qnajitity  of,  in  pig  and  «hi|^i' 
behaviour  of,  in  Yl       •      •  ..— »* 

behaviour  of,  unt! 
389;  conditions  ni 
from  pig    iron,  3iMJ;   cimtent  of, 
quality  of  iron,  345  ;  content  of,  in  i 
Tttilsj  428;    expulsion    of,    in 
processes,  389  ;  in  basic  procest,  i 
ment  of  silicon  by,  416 ;  miiiat« 
tiouB  only  of,  udnii«»ible  in  ate 
removal  from  wlnte  iron  by  ba«ic  | 
417;  removal  of,  by  oxide  of  iron, 
remo\-al  in  puddling  of,  by  oxido  afj 
bottoms.  352;  removal  of,   by 
process  and  by  direct  proce**^ '37lj 
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io»pli  oru  s— Co  n  fin  urd, 

Etioii  bv  boiftc  process,  4;  separntion  from 

npi^  iron  of*  3;  taken  up  by  pig  iron,  165. 
(Hee  rd*o  hlaaf  furnace  and  p^g  iron). 
imii,  Abram  Hewitt  on  cost  in  Southern 
tAte»  of  America,  585 ;  behaviour  of 
ca"'  ■  ^ 'i5  J  t)eh avion r  of,  in  relation 
t<  154  ;  behaviour  of  diliooii  in, 

irc  :  iier  and  Clevolaud,  analjsos 

of.  SHH;  CleveUnd  and  H(^6cmi?r^  mctab 
loid^in,  388;  coiniwirativo  costs  in  diff- 
eivrit  b>Ia1itio«  of>  682;  eompanitivc 
•tfcn^b  of  hot  and  cohl  bliutt,  160; 
eoimposition  of  Cleveland,  147;  com- 
position of,  from  Nancy  or^,  172;  com* 
po-dtion  of,  ftuitahlc  far  mill  puri)Oft08, 
163 ',  c*>9t  of,  in  Sontheni  States  of 
Airierica.  585;  cost  of  making  in  1727t 
^^•,  estiuuifit>n  of  coke  rct|uircid  for 
smeltin^'^,  :ifU ;  exports  of,  and  other  iron, 
1871  to  18W2,  AM ;  exjwjrt*  of,  from  Great 
Britain  »nd  other  countries.  1H71  to  18S0, 
445  ;  ejc tended  use  of,  25;  fluidity  of^  pro- 
mote by  silicon,  163 ;  glas^tnl,  luialyt^^ 
of,  162  ;  grade  of,  not  necessarily  affected 
by  quality  and  tpmntity  of  CArbon,  158 ; 
grcTncA*  of,  affect<i<l  by  temperature,  149; 
higiie^t  recorded  carbtni  in,  at  Clarence 
Worka,  157;  increase  in  production  of, 
in  prrincipal  countries,  4'iS;  increase  of 
production  of,  16;  made  from  ores 
consumed  in  Unite*!  Kingdom,  45S ; 
iDAke  of,  in  districts  where  no  ore  is  raised, 
455  ;  m&ke  of,  in  Great  Britain,  in  1740« 
443;  manofacturo,  economy  of  lalwur  in, 
61 ;  manufacture,  recent  history  of.  607 ; 
maximum  carlxm  in,  157;  occurrence  of 
Bulphnr  in,  163 ;  partly  grey  and  ]iartly 
white  from  t'hirence  furnaces,  analyses 
of,  154;  presence  of  calcium,  magnesinm, 
and  «Lluminium  in,  167;  prices  of,  from 
1782  to  1«26,  16;  production  of  cinder 
in   making,  168;    production   of,  up   to 

17*"^    ^  '     -tiou  of  phosphorus  and 

»T ;  i  1 1  mi  nerals  which  pusea 

irif     .  .  .  ;  purer  kinds,  analj9fi« 

of  14^ ;  tjuality  rvf.  «w  affected  by  minerals, 
tisedi  151 ;  qnnntitLLs  of,  made  in  Great 
Britain  and  in  all  othtir  countries,  'M4 ; 
nil  way  due*i  in  manufacture  of,  595; 
fteparation  ui  phosphoru«  from,  3,  396; 
Scotch,  anulv^ifl  f>f,  316;  statieitics  of 
tti&kc  of,  in  United  Kingdom  for  years 
1860-70-80,^156;  Swedish  and  Knglish, 
BtiaJy^ed  of,  346;  tendency  of  iron,  to 
«otnbinc  with  carbon  in.  160;  waste  of, 
in  making  biir  iron  in  17i27,  350;  white, 
nnaly  *eH  of  1 50.  ( See  als*^  A  huf  J  w  mace 
and  t'ant'iron.) 

Pilot  Knob,  ore  of,  678. 

Port  Washington!  iron  workd  of,  673. 


PotaF^itiin,  exiatdic©  of,  in  tlie  blast  fur- 
nace, 107. 

Pressure  of  bhist,  grefti>  used  in  United 
State*,  92. 

Price,  J.,  furnace  of,  21  \  removal  of  phos- 
pborns  from  jiigf  iron,  b?,  403. 

Protective  duties,  againnt  British -made  iron* 
467;  effect  of.  446;  effect  of  variation 
of,  in  Oermany,  461. 

Proviftions  and  labour,  connection  b«twoen 
price*  of,  553. 

Provision^  American  imt^Kirts  rjf,  int*> 
Great  Britain,  48i^ ;  comiecti<ni  between 
labour  and  cost  of,  553  ;  cost  in  America^ 
&48 ;  coat  of.  America  and  Great  ; 
Britain  comjmred.  646;  at  Lake  Superior, 
551 ;  expense  of,  in  America,  552;  tluctua- 
tions  in  prices  of,  487 ;  in  America,  pric^ 
of,  in  1874,  5^19 ;  increase  in  prices  of,  , 
at  collieries  in  France,  482;  increased ^ 
cost  in  Kurope,  Dr.  Young  on,  483 ;  in 
France.  Dr.  Young  ou,  482;  in  Oermany 
and  Great  Britain,  483;  \\\  France, 
^c.  482;  in  Germany  and  England 
per  family,  547;  in  Gennany  and 
Great  Britain  compared,  483 ;  in  Great 
Britain,  551;  in  Switzerland,  482; 
occasioiutl  high  prices  of,  '187 ;  recent 
alt^?mtions  in  value  of.  477 ;  recent  in- 
creoi^e  of  prices  of,  in  Americii,  549  i 
Southern  Statics  of,  558 ;  supplies  of,  to 
Great  Britain  from  America,  552 ;  trans* 
port  charges  on,  483,  (See  aljto  fmard 
and  lodging ^  butcher  meat,  cost  of  If  ring, 
food.)  ^ 

Prussia,  development  of  iron  trade  in,  463. 

Public  houses,  effect  of  increase  of,  493. 

Puddlers  and  uuderhamls,  wages  of,  from 
1870  to  1881  in  United  States,  569. 

Puddled  bar,  coal  used  in  mannfactMrt* 
of,  363;  quantitv  of  pig  used  j:»er  ton 
of,  363. 

Puddling,  cinder  at  Bowling,  composition 
and  quality  of,  361  ;  different  modes  of, 
comimred,  372;  forge,  prices  of  labour 
in  dilferent  countries,  686 ;  furnace  and 
Bo8«emer  converter  compared,  382;  fur* 
noccs  and  Lanca^shire  tire.^  compared  as 
regards  quality  of  product*.  154 ;  furnace, 
cost  of  different  systems  of,  372 ;  furnace, 
Banks*,  365,  366,":i^)5 ;  furnncen,  decrease  j 
in  number  of*  in  United  Kingdom,  4^j| 
furnace,  fettling  for,  362 ;  improvementa  1 
in,  by  S.  B.  Uoger»,  15 ;  loss  of  iron  in, 
361 ;  mechanical  and  lutnd,  conijmred* 
371 ;  meclmniciil,  of  CreuKot,  371 ;  number 
of  furnaces  at  work  tu  1873  and  1882, 
377 ;  rationale  of,  3G0 ;  separutton  of 
metalloids  in,  360;  service*  rendered  by, 
377;  alags  from  bond  and  revolving 
furnaces,  395. 
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Tiiddled  iron,  future  of,  370 ;  grettt  irregu- 
lunty  iu  wear  of,  37B ;  jjrtKluction  of, 
iri  1873  ttud  1882,  377.  (See  also  bar 
iron^  boiler  plaie^^  puddlgd  butf  pfkd' 
dlifi^t  and  raiU.) 

PuddlJug.  iuveutiou  of,  14;  iron  on  tmiid 
N>ttA>m«t  ill,  351 ;  pig  iron,  labour  lit,  363  j; 
prtK^t***,  cvd*  of.  368* 

Puddled  sted,  137. 

Pttritieil  iniital,  nuulvsci*  of,  4fiM ;  iipplicatioti 
to  maniifitcture  of  iron  and  steel,  ^105. 

Purifying'  ]»nn;efia,  re^iults  obtainud  by,  '101. 

-  Bttil^ii  rtvtn'%'"e  Hfe  of  iron  and  of  itt^^,  379 ; 

basic  itt'ti,  durability  of,  425;  coutt-'nt 

[  of  plinspUorus  in  -stuuples  of,  3^>o ;  di*- 

I  placement  of  iron  by  »teel  in  manufacture 

i,  451) ;  durutiou  of  life  of  iron,  on  N.E. 

^Railway.  378;  iron  and  6t*?<4  coinparwi, 

380;  ircm  luid  jjt^el,  econoraicftl  results 

of  uite  of,  eomparcd,  429;  iron»  content 

of  pho6pborn8»  <S:c.,  in,  428 ;  life  of,  wben 

by   retinery   process,  361;    Losh's 

[patent  iUb- bellied,  life  of,  378;   mann- 

pfacture  of,  by  Siemens- Martin   process, 

I  430;  old  iron,  uhc  of,  in  muking  steely 

4:27;  Kteel,  power  of,  to  resist  abraauon, 

380  J   weigbt  of,    laid   down    \u    United 

Kingdom,  430.     (See  also  puddling.) 

IlaiUvftv  bars,  eeonomy  iu  use  of  cool  fijr 
manufoetiire  of,  586. 

Railway  nites,  Britisb  and  foreign^  coin- 
J  Mired,  601 ;  foreign,  600;  iu  Qrettt 
jiritaiu,  590  ;  in  United  States*  liiw  rates 
of,  59d  ;  on  mtueTak  used  in  mAUufaoture 
of  pig'  iron,  595. 

RAiluay^in  United  StAte9f  eit«ut  of,  572  j 
use  of  iron  in,  18. 

lljunsbottom,  reversing  engine  of^  26. 

Itapidity  of  current  of  redueing  gae,  effect 
on  deuxidation  of  ore,  liK). 

Ra\r  coal,  condensation  of  auimonia  and 
tar  from,  5^1 ;  use  in  blast  furnace  of, 
315,  590;  use  of,  in  smelting  bematite, 
323.     (See  abwi  biaAt  furnace.) 

Raw  materialtf,  cbuiee  of,  for  Bewemer 
pr<ieeAs,  3W5. 

lteaumur*!i  proces*  for  making  steel,  436. 

HedahortnesA  of  BeAsemer  iron  removed  by 
Speigeleiiien,  383 ;  in  puddled  iron  madie 
in  revolving  furnace,  373. 

Reducing  xouei,  etiuilibrium  of.  cstablUbcd 
by  comiiositiun  of  guACs  in,  78  ;  sbown  to 
b*e  of  a  lieat-prfduciug  cbaraeter,  77. 
(See  als«)  Ua^t  furHace,) 

BeduL'tiou  of  ore.  causes  of  acceleration  of, 
201 ;  languid  at  low  teni|»erature8, 184. 

Refined  iron,  analyftes  of,  364. 

ReHned  tnetal,  advantages  of  tiie  of ,  in 
puddling  furnace,  356 ;  compoaitdon  of, 
405  J  puddling  of,  19;  puddling  of,  com- 


bination of  principle  li   . 
Cort's  furnace.  363. 
Refiner}',    actiun    of     the.    A'jj, 
in  condition  of  carbon  on  ]•'„ 
355;  cinder«f  analyses  af»  U^M 
making  iiuu  in  the^  36^; 
tpiality  of  in>n,  363;  eraployi 
blowing  cinder  pig,  35d;  uxygtur  ^ 
in,  to  burn  cuke  to  ettrb«>iiic  i»cii],1 

Sbenomena     of,     19;    (loaultty 
elivered  to,  352. 
Retiniug  and  Beaacm«r  procvw  i 

3ti2. 

Retiuiitg  fire,  production  of  etoel  In  a,  i 
Rent  a*  an  elemeut  in  tJlie  ooit  d  I 

539. 
Re-oxidation  of  iron  by  carboaic  Otiidfl^l 
ReiJeaJ  of  foreign   duties.  suppQied  i  ~ 

of,  447.  ^^^ 

Re^irulti  obtained  from  fuel  in  b1a«t  i 

working  ccimiiarMl  with  tUoie  uf  < 

furnacea,  141. 
Reverberatory  funiaoes,  cause  of 

heat  in,  139 ;  waste  of  boat  in«  ] 
Revolving  furuHce,  ;tt  CreuNot,  wad 

371 ;  at  Monk  bridge,  coonoinj 

economy  of.  370 ;   quality  ai  i 

dncal  by,  368;   alag    ui'mm  ,^^ 

by,  368;  Williama,  £^  and  TnifBSl 

375. 
Ridmrdi,  K.  W.,  asMX^iation  of,  i 

proce^  407. 
Rivet   iron,   by    reBniug   and 

puddUug,  3<J7  ;  itrengtb  of,  d^«| 
RochoLPs    experiments    on 

gasei,  209. 
Bogefi,  S*  B.,  luggested  u«e  of  uxiiltj 

iron  bottoms  by,  351. 
Rolling  niilla,  e3i tended  appUe^Uoa  O^J 
Royalty  dues,  incidence  of,  608;  oni  " 

in  different  countrieii.  602. 
Running-oat  fires,  unalys^.'^  of  flagt  i 

394 ;  refining  crude  iron  tu.  35^ 
Russia,  protective  duties  impofted  in*  i 
Sand  bottom  for  puddling  furnac^ia,  3 
Saving  by  succeflaive  additlonft  of  '. 

bhi8t,265. 
Samga*  banks,  deposit*  in,  494 j 

of  deposits  in,  494^ 
Scaffolding,  effect  of,  on  redu 

253. 
Schinz  on  dissociation  of  carb 

189. 
Schweebat  fnnnice«t  t^^  o(  coke  i 
Scotch,  bituniinooa  ooal,  aaalyni  j 

blast  fumaocA,  use  of  raw  coal  f 

pig  iron,  analysis  of.  316. 
Sixttland,  use  of  raw  coal  iu  bbial  J 

of,  120.     (Sye  also  htaxi  fnrnaet^l 
Scouring  ciuder,  causes  ofj  161, 


IHDXZ. 


741 


tehipbDildin^,  consuwiption  of  iron  in*  472 ; 
•n,  development  of,  171 ;  iron,  in  Nor- 
706  :  iron,  labour  at,  501, 
fiB*  fnrnace,  extent  of  power  of  fuel 
iliftwl  by,  139:  for  ^U^\  umkinR-,  21  ; 
nciplc  of,  desc?ribed,  1 40 ;  the  probable 
I  of,  429;  value  nf,  425. 

artin,  process  applied    to    rail 

ctiirct  430 ;   process,  oxidation  of 

ftalloid^  iii»  when  stenm  h  blown  into 

1,  432  ;  process,  use  of  in  StjTiA.  426 ; 

il.  quality  of,  comiuLred  vtith  Bi^ssemer, 

1^  rcv6rl>eratory  lyas  furnace  of,  in 
l-making^,  426*     (Sec  also  JtfeH.) 

iilmo<it    invariably   found   in   iron- 
incr  inatfrials,  161 ;  and  other  earths 
funmee  fnmc  possibly  due  to  reoxida- 
of  <Kidium,  168 ;   condition  of,  in 
le,  230;  effect  of  presence  of*  In  lime- 
raes,  57 ;  expulsion  nf  scids  by,  393  j 
^tent  of,  in  mIa^^  permitted  In  bn^ic  pro- 
1,  408 ;  in  slftrrs  ptxventa  removal  of 
tr>Bpborn&,  'K>0  ;  ]>c)wer  of,  to  noutraliee 
of  iron,  397 ',  pre?*enc'e  of»  afFeeting 
emoval  of  phosphor n«  in  purifying 
^M,  4<J3 ;  presence  of,  in  blast  fur- 
mcCt  356.     (See  also  blast  furt^ctee,) 
Silicic  acid»  deconi  posit  ion  of,  in  blast  fur* 

nace,  IGl. 
I^licon  and  carbon,  oxidation  of,  in  Besaemer 

"blow/'  391. 
Silicon,  behaviour  of,  in  Bessemer  converter, 
859  ;  britUeues«  of  iron  containing  high 
percentage  of,  182  ;  difTereoce  caused  in, 
by  Ktibstitution  of  cold  for  hot  blast,  150; 
f,  iti  pig  iron  account^?d  for, 
'  •*  of,  in  Clevi'hiTid  iron,  162  ; 

;.  iif  removal  (if  phosphorus  by, 

removal  of,  m  poddling,  402 ;  re* 

•tnent  of,  by  pliosphnrus  in  pig  for 

pr<:»cess,  416;  sejmnition  of.  in  old 

ii  ^^2  J  nN?fu1  in  increaising  flni«lity  of 

n,  163;  nfti>  of,  in  Bessenier  cfmvertt*r, 

163*     (See  also  blaH  furnace,) 

r./-     uJ.i;i'.-,tijlI    fu^i    required    to    melt 

'  \  ty  of,  208 ;  analyse*;  of,  from 

liearth.  3^i6;    Be«»emer  and 

lAt  fuiiittce,  analyw*!*  of,  392;    bliick, 

iiiced  by  impertV*ct  reductiiui.  200; 

ck,  pr^Hif  of  insufficient  heat  in  hearfh, 

&l  ;  conij«>!<itinn  of,  in  Hhenish  PrussiaT, 

from  Itasiic  blow,  comjwsition  of, 

from  Clarence  fnniace,  cliarac^r 

154;    from   Siemens*  steel  fumaco, 

Bl ;  heat  «nltf«  requiretl  for  fusion  of, 

in  iron  made  by  revolving  fnmace, 

produced  by  funmee  making  ferro- 

ne»e,  166;  quantity  of,  in  smelting 

896  ore,  118.    (See  al»o  Matt  furnat^.) 


Slogs,  analyses  of  blast  fnmace  and  Bca- 
ftemer,  394 ;  basic  matter  in,  394;  Be«- 
aemer  acid  slagK,  »ilic4*  found  in,  393  j 
rotu position  of,  at  different  pcriixls  of 
Bessemer  blow,  392 ;  eorajiosition  of  ba 
Bic,  at  end  of  blow,  419 ;  from  puddlin^ 
fnrniiee,  395;  from  running-oot  fires, 
Z9-i< ;  oxides  of  iron  in,  during  basic 
blow,  418 ;  production  of,  in  makiu 
malleable  iron,  356  ;  weight  of,  comjiap 
with  weight  of  basic  steel  from  converter,,! 
410.     (See  also  hlatl-fitrnace  stuff 8,) 

Skve  labour  in  U.S.A.,  554. 

Smoke,  absence  of,  in  process  of  utilising 
wiyste  heat  of  coke  ovens,  51 ;  white, 
from  Cleveland  furnaces,  147. 

Snelus,  G,  J.,  on  the  Dunks  furnace,  366; 
ase  of  lime  in  converter  by,  406* 

S<imking  pit*  of  John  Gjers,  4-40,  593, 

Soda  wa^tc,  prodnetiou  of  sulphide  iron 
from,  164. 

Sodium,  supposed  decomposition  of  cblorido 
by,  167. 

Sontheni  states  of  America,  as  competitors 
with  Northern  States  in  manufacture  of , 
iron,  7iK3 ;  jls  exporters  of  iron  to  forcig 
countries,  7W;  cost  of  living  in,  554^ 
Hewitt  on,  585 ;  ironmaking  in,  (181 ; 
ore  and  coal  of,  679  694;  ore^  cost  of 
conveying  minerals  fi>r  iron  made  froni^ 
683. 

Spain,  cost  of  living  in,  477  ;  wages  paid 
at  ironworks  of,  476, 

Spanish  hematite  oro«,  imports  of,  inta 
United  Kiiigtlojii,  450. 

Sjmthosc  ore,  effect  of  carlxinic  oxide  on* 
283 ;  resotircejj  of  United  Kingdom  in, 450 

Specific  bent,  48. 

Spiegel  iron,  application  of,  to  Bosseme 
process.  383. 

8j)intoous  liqnorg,  conanmption  of,  490, 

Splint  coal  of  Airdrie.  120. 

Splitting  up  oirlwnic  acid,  by  carbon,  lo 
of  heat  by,  194  ;  soft  coke  l)y,  196, 

Static  etjuilibrium  in  composition  of  blodt 
furnace  ga^es,  266. 

Steam  and  ruw  coal,  watcf^gas  abtainc 
from,  335. 

Steam,  effect  of,  in  Siemens-^fartin  procc 
433 ;    rai«<ing  of,  at  collieries   by  wast( 
beat  of  coke  ovens,  51. 

Steel,  Bessemer  process  for  making  of.  19; 
cast,  extended  use  of.  26 ;  importation  of, 
into  Great  Britain, 702, 714;  manufacture 
of,  from  phtT^phorus  pig,  407  ;  nmnnfatN 
ture  of,  in  hjw  he»irtbs,  439 ;  necessity  for, 
18;  ore  reqniretl  for  manufacture  of,  2; 
probability  of,  superseding  iron,  451  * 
progress  of  manufacture  of.  threatened 
by  wont  of  raw  material,  387  i    Siemens' 
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Steel —  Continued, 

furnace  in  manufacture  of,  20 ;    use  of, 
for  makings  tin-plate  bars,  348. 

JSteel  ingots  and  steel  rails,  consumption  of 
coal  for,  593. 

Steel  rails,  basic  proc&ts  applied  to  manu- 
facture of  in  Germany,  582 ;  consumption 
in  Germany  of,  581 ;  cost  in  Germany  and 
England  compared,  580 ;  future  require- 
ments for,  714 ;  quotations  of,  583 ;  un- 
profitable nature  of  export  trade  in 
Germany  of,  581. 

Steel  rail  trade,  present  extent  of,  713 ; 
])rosent  position  of,  712. 

Stour  works,  make  of  raw  iron  at,  in  1727, 
348. 

Stoves  of  fire-brick,  errors  in  estimating 
value  of,  113. 

Strength,  com])arative,  of  hot  and  cold 
blast  iron,  150 ;  of  cast  iron,  effect  of 
strain  and  tem^n'rature  on,  152. 

Strikes  in  anthracite  mines,  556. 

Stiickufen,  11. 

Styria  and  Carinthia,  occurrence  of  carbonic 
acid  in  making  white  iron  in,  201. 

Stvrian  cliarcoai  furnaces  compared  with 
Swedish,  302. 

Sulphur,  affinity  of  iron  and  lime  for.  164 ; 
and  phosphorus,  quantity  of,  in  pig  and 
slag,  357 ;  content  of,  in  Durliam  coke, 
104;  counteracting  of  evils  of ,  by  lime, 
103  ;  effect  of,  on  i)ig  iron,  163 ;  effect 
of  presence  of,  in  coke,  103 ;  found  more 
largely  in  white  tlian  in  grey  iron,  164 ; 
occurrence  of,  in  pig  iron,  163 ;  prevents 
separation  of  graphitic  carbon  in  pig  iron, 
103.     (See  also  hlcui  furnace.) 

Sui>erheatcd  air,  advantage  of,  90,  92.  118 ; 
and  charcoal,  298 ;  examples  of  working 
with,  107. 

Superiority  of  blast  furnace  to  any  other 
used  for  in>ii -making,  140. 

Sweden,  low  tem})erature  of  blast  in,  283 ; 
IK»rformauces  of  27  charc(jal  furnaces  in, 
130 ;  wages  paid  at  ironworks  of,  477. 

Swedish  charcoal,  furnaces  duty  ixirfonned 
by,  278 ;  furnaces,  consumption  of  cliar- 
coal  in,  274 ;  furnaces,  low  temiierature 
of  blast  at,  132,  283 ;  iron,  analyses  of. 
:J45  ;  iron,  early  use  of,  in  Bessemer  pro- 
cess, 383 ;  iron,  liigh  price  of,  347 ;  method 
of  making  malleable  iron  by,  advan- 
tages of,  346 ;  works  making  Bessemer 
iron,  iHirticulars  of,  277;  works  making 
grey  forge  iron,  results  at,  276. 

Switzerland,  cost  of  provisions  in,  482. 

Tar  and  ammonia,  recovery  of,  from  furnace 

gases,  314,  326. 
Temperature,  and  condition  of  lur,  effect  of, 
on  combustion  of  coke,  238;  at  which 


earbon  and  carbonic  oxid 

of  iron,  71 ;  at  which  car 

to  act  on  iron  and  carb 

differences  in,  on  qnalit 

effect  of,  in  blast*  on  cc 

found  in  pig  iron,  150 ; 

of,  on  behaviour  of  snl 

149;  effect  of,  in  remo^ 

400,  402;   effect  of,  in 

phorus,  ^ ;  effect  of,  c 

pig  iron,  149 ;   effect  oj 

cast  iron,  152;  high,  ef 

and  chanx)al,  289;  hig 

posnre,  cast  iron  to,  on  c 

bon,  159 ;  high,  effect  of 

silicon,  162 ;  high,  in  Bet 

maintained    by   silicon. 

process,  422;  increased 

hearth   in  charcoal   fur 

fluence  of,  in  removal  c 

puddling,  403;    low,    in 

effect  of,  on  sulphur.  164] 

Sweden,  283;   mode  of 

charcoal  furnace,  ^5;   : 

for   carbon    deposition, 

blow,  425;    of    blast    ai 

furnace,  tables  showing 

by,     244;     of     blast,     c 

addition    to,  not    attenc 

economy,  87;    of  blast 

furnace,  283 ;  of  bUst,  li 

can  be  raised,  266;  of  bias 

able  increase  of,  86;  of 

nsef ul  elevation  of,  124 ;  < 

successive  additions  to,  2\ 

levels  of  blast  furnaces,  2i 

gases,  changes  in,  before  i 

ing  furnace,   180;    of    « 

effect  of  by  a  round  of  mi 

of  escaping  gases,  in  deU 

of  mixtures  of  carbonic 

bonic  acid  in  reduction 

of  gases  determined  by  < 

in    upper    zone    of    fur 

gases,  increase  of,   whilt 

charging,  178;   of  mater 

furnaces,  diagram   of,  2i 

gas  as  generated  from  < 

quired  for  deoxidation  of 

191 ;  required  for  oxidatioi 

bonic  acid.  184.     (Sec  abto 

Thickness  of  the  CleveUud  i 

Thomas  and  Gilchrist,  use  of 

406. 
Timber  as  a  source  of  hea 

furnace,  134. 
Tin-pUte   bars,  iron  used 

Britain,  848. 
Titanium,  presence  of,  in  iro 
Tooth*s  revolving  furnace^  S< 
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^  art  rliAfgi?^,  America,  to,  on  pig  iron, 
Vi  chf'riji  instAtico  (nf,  by  water  tn  the 
~  1  StJiteHf  595  ;  coal  and  are,  un,  693  ; 
» rjf,  puid  effect  on  ATn^rit'iiu  agri* 
e,  6e»8;  in  !5outhern  Statea  of 
i.  094 ;  of  iron  ore  in  United  St4ites, 
^  fmn  iron  from  imported  or»35, 691 ;  on 
on  from  Iron  Mountoin  of  Mi:$8oiirl| 
on  iron  from  Lake  Cham  plain  ore, 
^t ;  on  iran  from  Lake  Superior  ore,  690; 
mm  frorn  'Sew  Jersey,  691 ;  on  niil- 
nvR,Bntis]i  and  Foreip^n,  eomftarLHl,  601 ; 
Jriitc'd  Khig^dom  and  United  States  eom* 
ired.  173;  wheat,  on,  from  United  Stiite« 
Llver[KKd«  541.      (See  also   railway 

IIkw  refined  iron,  analyses  of,  355. 
uer,  examination  of  W*rbna  furnace  by, 

«,  bh)wing-in  fuel  for  ameltini^  iron 

^187:  earlion  burnt  at,  in  blant  fnrnftce, 

S:  i'ompoffition  of  gusen  at,  177;  decom- 

kiivatuni  of  water  at,  172:  disappearance 

T  c»ir1*tiiide  acid  at,  200 ;  effect  of  derange - 

mfot  at,  168 1  effect  of  increase  of  tem- 

erutnre  at,  lOl;  heut  evolved  at,  162; 

ncreant*  tif  oxygen  and  curbon  at,  211 ; 

kig  gtts  at   the,  137;   quantity  of 

which  shnuld  be  found  at,  214; 

f  unantity  of  carbimic  no  id  at  the, 

(i^ee  aUo  bl^gf  furnaee.) 

^ied  Kingdom,  consumption  of  dnnk  in, 

P2;  export*  of  iron  from,  and  imports 

lit-n  707. 

fiUnl  Stjites.  as  an  iron  exporting  centre, 

72,605  ;  BcAscmer  works  in,  571 ;  blast 

Dmace  lalwinr  in,  562;   cheap   convey- 

Bce  by  water  in,  595;  colliery  Uboiir 

658;    cost*  of  iron  in,  689;  co«t  of 

on  ore^   lit,  472 ;   east   of  lalwur   and 

r*t  of  ftx»d,  connection  between.  553; 

ning!«  in,  565;  ex|xmse  of  provisions 

II,  552 ;  exjxjrt  of  i\nld  fnmu  553  ;  fann- 

Dg  in.  oU) ;   farming  in,  Uhire  Sewell 

1  there*  Ml,  541 ;  Kuishitig  mi  lb,  wage** 

Jt,  509 ;  iiiereused  prtxluetion  of  iron  in, 

46:  irt>ii  ore,  resani-ces  of,  473 ;  labour 

II,  539 ;  living  and  labf»nr,  co*t  of,  547 ,' 

nalleiible  irf>n  lalxmr  nt,  5n6 ;  niechanles 

n,   c(u»n>ftred    with    Knghind,   559 ;    ore 

BiiK's  in,  eom|Mired  with  Engliind,  557  ; 

laition  of  iron  tnnle  •  if ,  168 ;  provi§i(mfi 

i^om.  480;  puddling,  cost  of,  iJi,  566; 

'ill ways  in,  572 ;   Weeks.  ,T.  D.,  on  labour 

575  ;  wheat,  cojit  of  growing  in,  544; 

frbcHt  freight  iiitti  England  from,  542  j 

Ifhi'Ht  hi,  liviid  and   Pell  on,  541,     (Hece 

4»io  Amtrica.) 

Miwitinu  of  wAate  heat  of  coke  ovoiw  in 
dsiing  iiteani,  51, 


Value  of  products  recovered  from  coking 
^  cool,  338. 

Variation*)  In  the  conditio lu  of  making  pig 
iron,  262. 

VftughiiU,  John,  improvements  in  blast 
furnaces,  by,  23. 

Volatile  coustitnenU  should  be  exjielled  tn 
npper  part  of  blast  furnace,  46. 

Vordernberg  furnaces,  t4*mperAture  of  blast 
at,  283, 

Wage^t  agricultural,  475;  agricuUnnd, 
det^»nnine  to  fmne  extent  wage^  hi  maiiu 
facturcji,  477;  agrienltural,  on  Medi- 
tcrraneiiii,  476 ;  bUist  furuaceji,  Cleveland 
and  Continent  of  Europe  conj{iiired,  521 ; 
blast  furnaces,  England  aud  United  St4itciJ 
coinpMired,  562 ;  effect  of  gold  dii^eoveriea 
iiiif  497 ;  efftx^t  of  high,  on  iron  trade, 
464;  effect  of  improvement  in,  497  J 
high,  connection  of,  with  drinking  habit^^ 
401 ;  in  anthracite  mine  of  AniericH,  555 ; 
in  coal  work,  AmeHcA  and  Dtirhum,  558; 
in  Connclliiville  ciKil  region,  etc.,  558;  in 
mining  ore,  in  Euglaudaitd  America,  559; 
inetilmnies*,  in  Englaud,  559 ;  incchanici»^f 
in  Unitctl  St4ite«,  560;  mechaaie^V 
England  and  United  State*  oonnjure<l, 
561 ;  of  mix-hanicj*.  Hriti«h  and  fnreigii 
comjiared,  499;  of  raL-ehiinics,  incrua^ 
of,  4Q7 ;  paid  at  Indian  tea  phmtations 
and  hliwt  furnaces  476  ;  paid  at  S[>atjiHh 
ironworks,  476 ;  paid  ut  works  in  Au.*trb 
and  Sweden,  477  i  purcha-ii ug  jKJWer  of, 
479. 

Wales,  South,  exj)erience  of  tire-brick  stoves 
in,  257;  waste  of  ircm  in  puddling  in, 
363. 

Widloon  tires.  345- 

Waste  in  Imsic  and  acid  Bcjjsemer  proce^«ca 
comparetl,  H2;  in  combuHtiou  at  raw 
co.'d,  jj**rcentage  lo«»  of  lieut  evolved  by, 
139  ;  of  lieat,  avoidance  of,  247. 

Water,  ummunt  of,  iu  funnvcea  using  raw 
coal,  324  ;  decomposition  uf,  in  licarth  of 
bla,^t  furn^urc,  322 ;  effect  of,  lu  bhwt  fur- 
nace, ]  72  ;  evaporatinn  of,  in  best  inariue 
engine,  138;  quantity  condeniM.'d  at  gas 
works  |x?r  ton  of  eoail,  314;  unconibir*ed 
effect  of  presence  of,  in  bliwt  furnace,  23(1. 

Wttter-gjus,  uiial^'si*  of.  333;  ns  obtuine<l 
f roiii  (iteam  and  mw  coal,  335  ;  carlxiu 
requiri'd  for  generation  of.  331  j  I)anc.<) 
trials  of,  in  bta^t  furnace,  329 ;  genemt<Hl 
from  coke,  temjMjrature  of,  332;  heat 
from,  comiJftred  witli  that  from  mw  coal, 
335 ;  most  recent  mtxle  of  niaoufa*,*tnre 
of,  330 ;  product  obtain wl  from  roid,  334 ; 
production  of  at  Esi^stMi,  329  ;  projMtsetl  an 
a  fuel  ftu'  smelting  irrm,  329 ;  projH)wd 
use  in  blaift  furnace.  593;  pure,  heat  fruui 
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